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Enclosure: Report 
A UNIT OF THE UNIVERSITY SYSTEM OF GEORGIA 
AN EQUAL EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
REPORT 
EDUCATIONAL SEMINARS FOR Mr. MICHEL SELOSSE 
from THOMSON-CSF, DIVISION SIMULATEURS 
at the School of Electrical Engineering 
Georgia Institute of Technology 
Atlanta, GA 30332 
May 5, 1986 through June 4, 1986 
As per contractual agreements between Thomson-CSF, Division Simulateurs, 
and Georgia Institute of Technology, Mr. Michel Selosse has spent five weeks 
at Georgia Tech to receive specialized training regarding various on-line 
simulation techniques relating to electric power systems. The purpose of this 
report is to briefly summarize the educational activities during mr. Selosse's 
stay at Georgia Tech. 
1. Familiarization with the HARRIS 800 Computer System 
Mr. Selosse was provided with a computer terminal in his office in the 
EE building and with full access to the computer facilities of the 
Microelectronics Center at Georgia Tech, where the Harris 800 computer is 
located. Instruction was provided as to the general usage of the Harris 800 
for editing files, compiling and linking programs, creating macros, and 
executing batch and interactive programs. 
2. Steady-State Analysis 
A detailed review of the material presented in 1982, during the seminars 
offered in Paris by Dr. Puttgen, was first carried out. Particular emphasis 
was put on the various models to be used. Several computational examples were 
solved by Mr. Selosse and then discussed. Next, the load-flow problem 
formulation was discussed and the various solution procedures were presented. 
Particular emphasis was put on the relationship between the Newton-Raphson, 
Decoupled and Fast Decoupled load-flow methods. Sparse matrix techniques were 
extensively discussed. 
Mr. Selosse received a number of assignments relating to the practical 
execution of load-flow studies. The purpose of these assignments was to gain 
further familiarity with the actual mechanisms of running load-flow studies as 
far as the preparation of data and analysis of results are concerned. In 
addition, a number of case studies were carried out, both on base cases and on 
contingency cases, to highlight the influence of such modeling decisions as 
the slack bus voltage magnitude and the slack bus location, among others. 
Both the 30 Bus and the 250 Bus test networks were simulated extensively. 
3. Transient Stability Analysis 
During his stay, Mr. Selosse attended all lectures of the course EE 
6521, Transient Stability, which was offered by Dr. Debs at the graduate level 
for Georgia Tech students. 
With Dr. Dorsey, Mr. Selosse undertook a detailed study of the one 
machine swing equations with particular emphasis on modeling and solution 
techniques. Next, a computational example, based on a small two machine 
network, was actually solved manually by Dr. Dorsey on the black board to 
provide a full exposure to the entire transient stability analysis solution 
procedure. Finally, a detailed presentation as to the general computation 
methodolgy was carried out. 
Next, Mr. Selosse carried out a number of stability analysis studies to 
simulate the impact of various types of faults on the system's behavior. For 
this purpose, a 30 Bus network was primarily used such that the results could 
be interpreted physically with some ease. Various swing curve results were 
discussed and interpreted. 
4. Slow Dynamics Studies 
Since Mr. Selosse did not have any data with him relating to Thomson-CSF 
internal efforts, it was decided to implement some of the slow dynamics models 
at Georgia Tech in conjunction with the existing Fast Decoupled Load Flow 
program. The resulting program, written by Mr. Selosse with Dr. Puttgen's 
support and using the existing load-flow package, provided for the following 
features: 
- Real power-frequency controller, 
- Network frequency error control, based on the "level" concept, 
- Interarea error controls, 
- Machine damper winding effects, 
- Local group statism, 
- Overall system inertia and individual machine inertia. 
The said program was developed and tested, primarily using the 30 Bus 
test case. The effort prooved to be usefull in that it provided some 
additional insight regarding some of the modeling assumptions used for 
Thomson-CSF's efforts regarding real-time simulation of electric power 
systems. 
5. Other Activities 
In addition, the following activities took place: 
- Visit to the Georgia Power Dispatching Center. 
- Discussions relating to fast voltage estimation techniques based on 
adjoint sensitivity methods. 
- Discussions of fast contingency analysis methods based on the DC load-
flow method and based on various compensation methods. 
- Discussions regarding the initial functional specifications for a 
small network switching dispatcher simulator. 
6. Participating Staff 
- Dr. John Dorsey, Associate Professor of EE. 	Transient Stability 
studies. 
- Dr. Hans B. Puttgen, Associate Professor of EE. Steady state analysis 
and slow dynamics program. 
- Ms. Gail Wells. Computer facilities and programming support. 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ELECTRICAL ENGINEERING 
ATLANTA, GEORGIA 30332 









Dear Monsieur Lesage: 
Enclosed, please find the monthly report for October. 
Sincerely, 
H. B. Puttgen 
HBP/mjc 
Enclosure 
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AN EQUAL. EDUCATION AND EMPLOYMENT OPPORTUNITY INSTITUTION 
	 • 
2. 	LOAD FLOW PROGRAM 
The load flow program used for the purposes of this project is called 
FDLF version 100. FDLF has the following features: 
- Uses the so-called Fast Decoupled Load Flow formulation first 
proposed by Stott and Alsac. This means that only the "diagonal" 
Jacobian submatrices: 
ap 	and apia /36 	/3V 
are retained while the "off diagonal" Jacobian submatrices: 
aP 	and 012 /317 	/36 
are set to zero. 
Furthermore, the two 'diagonal' Jacobian submatrices are kept at 
their constant values throughout the solution procedure such that: 
appa B' and BQ/av B" 
- Uses an optimum storage technique to minimize the "filling' process 
during the Gaussian elimination procedure. 
- The solution of each of the two decoupled sets of linear equations 
at each iteration is done by forward-backward substitutions. 
- The trigonometric functions required during the load flow 
formulations are explicitely coded in the program using limited 
Taylor expansion series rather than relying on Fortran Library 
functions. 
- FDLF is coded in Fortran 77 and is running on a CDC CYBER 180/855 
for the purposes of this study. The Fortran compiler optimizer 
option was used to minimize the required execution time. 
2.1. Inputs Required 
Program FDLF uses the following input structure, where all data is 
entered in the so-called free format: 
Record 1: General bus data information 
NN: number of nodes 
NG: number of generator buses (PV buses) 
SBASE: base MVA, generally set to 100 
EPSP: absolute mismatch error allowed on real powers 
EPSQ: absolute mismatch error allowed on reactive powers 
Record 2: Slack bus data 
Bus Name, in alphanumeric format 
VS: slack bus voltage magnitude, in pu 
SS: slack bus phase angle, in degrees 
Records 3 to NG+2: Generator (PV) bus data 
Bus Name, in alphanumeric format 
PG: real power generation, in MW 
QGMIN: minimum reactive power generation bound, in MVAR 
womdIA. maximum reactive power generation bound, in MVAR 
PD: real power demand, in MW 
QD: reactive power demand, in MVAR 
VSPEC: specified voltage magnitude, in pu 
Records NG+3 to NN+2: Load bus data 
Bus Name, in alphanumeric format 
PD: real power demand, in MW 
QD: reactive power demand, in MVAR 
Record NN+3: General element data information 
NL: number of transmission lines 
NT: number of transformers 
NS: number of shunt elements 
Records NN+4 to NN+NL+3: Transmission line data 
Starting Bus Name, in alphanumeric format 
Ending bus name, in alphanumeric format 
RL: transversal resistance, in %, based on SBASE 
XL: transversal reactance, in %, based on SBASE 
QC: total charging reactive power for the line at 1 pu voltage 
at both ends 
Records NN+NL+4 to NN+NL+NT+3: Transformer data 
Starting Bus Name, in alphanumeric format 
Ending Bus Name, in alphanumeric format 
RT: short circuit resistane, in %, based on SBASE, and referred 
to the starting bus side 
XT: short circuit reactance, in %, based on SBASE and referred 
to the starting bus side 
TAP: turns ratio of the transformer expressed as the ratio of the 
no-load starting bus voltage to the no-load ending bus 
voltage. 
Records NN+NL+NT+4 to NN+NL+NT+NS+3: Shunt Element Data 
Bus name, in alphanumeric format 
ES: shunt reactance, given as the reactive power injected into 
the network by the device at 1 pu voltage (positive for 
capacitive devices, negative for inductive devices). 
2.2 	Output Obtained 
Using the IEEE 30 bus network as an example, the three major output 
listings yielded by program FDLF can be described as follows, where the 
  listings are contained in Appendix A. 
2.2.1 Element Data 
This listing is separated in three subparts: 
- Transmission Lines 
NO: Starting Bus Name 
NE: Ending Bus Name 
R: Transversal resistance, in %, based on SBASE 
X: Transversal reactance, in %, based on SBASE 
X/R: Ratio provided for comparative purposes 
wC: Based on the charging reactive power for the line at 1 pu 
voltage at both ends 
Length: Based on EPRI typical data; see Appendix B 
Transformers 
ND: Starting Bus Name 
NE: Ending Bus Name 
R: Short circuit resistance, in 1, based on SBASE and referred 
to the starting bus side 
X: Short circuit reactance, in %, based on SBASE and referred 
to the starting bus side 
Tap: turns ratio of the transformer expressed as the ratio of the 
no-load starting bus voltage to the no-load lending bus 
voltage. 
- Shunt Elements 
NO: Bus Name 
wC: Based on the reactive power injection of the device at 1 pu 
voltage. 
2.2.2 Bus Oriented Results 
' The second output listing is oriented toward the bus results. 
Initially,.some global convergence results are provided: 
Time for input: CPU time required to actually read the inputs 
from a sequential input file and to arrange 
the data into the appropriate arrays. This 
time is of no consequence to this project 
since it is highly machine dependent and no 
effort was done to minimize it for example by 
use of various data base structures. 
Time to Compact: CPU time required to carry out the various 
compaction processes required to minimize the 
storage requirements. This time is only 
required once per load-flow solution before 
the actual iterative solution procedure is 
started. 
Time for Factorization: CPU time required to carry out the actual 
factorizaton and storage of the two decoupled 
Fortran submatrices B' and B. This time is 
only required once per load-flow solution 
before the actual iterative solution procedure 
is started. 
Number of Iterations: Total number of iterations required to achieve 
the desired accuracy. Note that one solution 
of the B' and B" equations constitutes one 
iteration. 
Maximum Mismatch in PU: Maximum real and reactive power mismatches 
reached at any bus at the solution point. 
Time for Solution: CPU time required for the iterative solution 
procedure itself. 
Execution Time: Sum of all CPU times listed up to this point. 
Slack Bus Results: 
Bus Name 
Voltage: magnitude, in pu, and phase angle, in degrees 
Generation: PG and QG at the slack bus, in MW and MVAR 







specified voltage in pu 
magnitude, in pu, and phase angle, in 
degrees. Note that if the upper reactive 
power limit has been hit, then the voltage 
magnitude has a + attached to it; if the lower 
reactive power unit has been hit, then a - is 
attached to the voltage magnitude 
PG, as specified, in MW 
QG, as computed, in MVAR 
as specified, in MVAR 
PD and QD as specified, in MW and MVAR 







Magnitude, in PU and phase angle in degrees. 
PD and QD as specified, in MW and MVAR 
Sum of all real and reactive power genera-
tions, in MW and MVAR 
Sum of all real and reactive power demands, in 
MW and MVAR 
Real and Reactive total system losses for the 
entire system. Note that a negative reactive 
power loss corresponds to a net reactive power 
production by the system. 
Printout Time: CPU time required to generate all three 
printout files. Again this time of no 
consequence for the project on hand. 
2.2.3 Line Flow Results 
The last output listing gives all line flows in the following format 
for each bus in a sequential order starting with the slack bus, then 
all PV buses, and finally all load buses: 
Note that a shunt element is noted as having the same starting and 
ending bus name. 
Net real and reactive power injections (in MW and MVar) as determined 
from the line flow. 
Finally, the system real and reactive losses are again determined along 
with the actual losses in the transversal admittance elements. 
3. 	LOAD FLOW PROGRAM VALIDATION 
In an effort to provide an illustration of Program FDLF's capabilities, 
the IEEE 118 Bus Network was simulated. In this case, the exact 
original data, as originally proposed by American Electric Power, AEP, 
VAS used. This same network will then be used as the basis for 
building of the 250-bus test network to be used for this project. 
The actual data originally provided by AEP, and which was later used to 
"normalize' the IEEE 118 bus case is attached in Appendix C. It should 
be noted that since this data is very old, the so-called Gauss-Seidel 
solution procedure was used and which explains the rather high number 
of buses with significant mismatches even at the solution point. 
The results obtained using the FDLF program are attached in Appendix 
D. As will be obvious from a rapid inspection, the two sets of results 
coincide exactly once the computational errors are taken into 
account. The two best summaries of overall concordance probably are 
the real and reactive power system losses: 
	




ossw(X*I*I) 	 784.7 	 781.3 
and the slack bus real and reactive power generations: 
AEP 	 FDLF 
518.5 513.5 MA 	 -82.7 	 -82.40 
	
4. 	250 BUS SYSTEM 
The required 250 bus test system was constructed using three different 
IEEE test networks: 
IEEE 118 bus network (see Appendix D) 
IEEE 30 bus network (see Appendix A) 
IEEE 14 bus network (see Appendix E) 
4.1 	Interconnection Between Subsystems 
Using the EPRI standarized line element values for various voltage 
levels, and the X/R ratios for the various lines in all three IEEE 
networks, the following conclusions can be reached: 
- The IEEE 118 bus network primarily contains transmision lines at the 
345 KV level and at the 115-165 KV level. 
- The IEEE 30 bus network primarily contains transsmission lines at 
the 115-165 KV level and at the 33 KV level. 
- The IEEE 14 bus network primarily contains transmission lines at the 
115-165 KV level and at the 33 KV level. 
As a result, the HV portions of the IEEE 30 and IEEE 14 bus networks 
can be connected with the LV portion of the IEEE 118 bus network. 
The final 250 bus system was then constructed as follows: 
- The basic IEEE 118 bus system, in which the buses are named Bus 1 
through BUS 118. Bus 69 remains the overall system slack bus. 
- Four separate IEEE 30 bus networks, in which the buses are named Al 
through A30, Bl through B30, Cl through C30, D1 through D30 
respectively. Clearly, for each of these networks, the slack bus 
has been converted into a PV bus. 
- One IEEE 14 bus network in which the buses are named El thorugh 
E14. Clearly, the related slack bus has been converted into a PV 
bus. 
Each of these systems, as they are modified, are discussed in the next 
six subsections as far as their bus models are concerned. 
4.1.1 IEEE 118 Bus Network 
The IEEE 118 bus system has 50 PV buses in its version used for the 250 
bus network. Of these 50 PV buses, 18 are strictly reactive power 
regulators, i.e, their real power generaton is set to zero. Finally, 
of the remainng 32 generator buses, three may have negative real power 
generations to actually simulate a pump/turbine situation. The number 
of negative real power generations was significantly reduced from the 
original IEEE 118 bus case in an effort to arrive at a more realistic 
network. 
In addition, a number of specified voltage magnitudes, VSPEC, were 
changed with respect to the original IEEE 118 bus data, again to arrive 
at a more realistic situation. 
All real and reactive power demands were kept at their original values 
as contained in the original IEEE 118 bus data. 
4.1.2 IEEE 30 Bus Network A 
The A subsystem has 6 true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, sme of the 
specified voltage magnitude VSPEC, and power generatin data have been 
modified in conjunction with the 250 Bus Network. 
The HV portion of system A is connected to the LV portion of the main 
system as follows: 
Al - Bus 48 
A8 - Bus 40 
A2 - Bus 45 
A28 - Bus 42 
A5 - Bus 44 
4.1.3 IEEE 30 Bus Network B 
The B subsystem has 6 true generator buses modeled as PV buses 
In an effort to achieve a more realistic overall network, some of the 
specified voltage magnitudes, VSPEC, and pwoer generation data have 
been modified in conjunction with the 250 Bus Network. 
The HV portion of system B is connected to the LV portion of the main 
system as follows: 
Bl - Bus 20 
B4 - Bus 21 
88 - Bus 22 
B28 - Bus 32 
4.1.4 ,IEEE 30 Bus Network C 
The C subsystem has 6 true generator buses modeled on PV buses. 
In an effort to achieve a more realistic overall network, some of the 
specified voltage magnitudes, VSPEC, and power generation data have 
been modified in conjunction with the 250 Bus Network. 
The HV portion of system C is connected to the LV portion of hte main 
system as follows: 
C28 - Bus 82 
C8 - Bus 83 
C5 - Bus 85 
C2 - Bus 89 
Cl - Bus 92 
C4 - Bus 95 
4.5.5 IEEE 30 Bus Network D 
The D subsystem has 6 true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, some of the 
specified voltage magnitudes, VSPEC, and pwoer generation data have 
been modified in conjuncton with the 250 Bus Network. 
The HV portion of system D is connected to the LV portion of the main 
system as follows: 
D1 - Bus 56 
D4 - Bus 51 
D5 - Bus 66 
D8 - Bus 67 
D28 - Bus 59 
4.1.6 IEEE 14 Bus Network E 
The E subsystem has 4 true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, some of the 
specified voltage magnitudes, VSPEC, and power generation data have 
been modified in conjunction with the 250 Bus Network. 
The NV portion of system E is connected to the LV portion of the main 
system as follows: 
El - Bus 102 
E2 - Bus 97 
E5 - Bus 90 
Appendix A 
IEEE 30 Bus Network 
A.1. Transmission line data 
Transformer data 
Shunt element data 
A.2. Bus oriented results 






AIR wC*Sbase Length R X A % 
Bus 1 Bus 2 1.920 5.750 2.99 2.640 29.3 
Bus 1 Bus 3 4.520 18.520 4.10 2.040 78.7 
Bus 2 Bus 4 5.700 17.370 3.05 1.840 87.6 
Bus 3 Bus 4 1.320 3.790 2.87 .420 19.8 
Bus 2 bUS 3 4.720 19.830 4.20 2.090 83.1 
Bus 2 Bus 6 5.810 17.630 3.03 1.870 89.2 
Bus 4 Bus 6 1.190 4.140 3.48 .450 19.3 
Bus 5 Bus 7 4.600 11.600 2.52 1.020 66.0 
Bus 6 Bus 7 2.670 8.200 3.07 .850 41.2 
Bus 6 Bus 8 1.200 4.200 3.50 .450 19.5 
Bus 9 Bus 11 .000 20.800 
Bus 9 Bus 10 .000 11.000 
Bus 12 Bus 13 .000 14.000 
Bus 12 Bus 14 12.310 25.590 2.08 16.1 
Bus 12 Bus 15 6.620 13.040 1.97 8.4 
Bus 12 Bus 16 9.450 19.870 2.10 12.4 
Bus 14 Bus 15 22.100 19.970 .90 20.5 
Bus 16 Bus 17 8.240 19.320 2.34 11.5 
Bus 15 Bus 18 10.700 21.850 2.04 13.8 
Bus 18 Bus 19 6.390 12.920 2.02 8.2 
Bus 19 Bus 20 3.400 6.800 2.00 • 	4.4 
Bus 10 Bus 20 9.360 20.900 2.23 12.7 
Bus 10 Bus 17 3.240 8.450 2.61 47.0 
Bus 10 Bus 21 3.480 7.490 2.15 4.6 
Bus 10 Bus 22 7.270 14.990 2.06 9.4 
Bus 21 Bus 22 1.160 2.360 2.03 1.5 
Bus 15 Bus 23 10.000 20.200 2.02 12.9 
Bus 22 Bus 24 11.500 17.900 1.56 13.1 
Bus 23 Bus 24 13.200 27.000 2.05 17.1 
Bus 24 Bus 25 18.850 32.920 1.75 22.6 
Bus 25 Bus 26 25.440 38.000 1.49 28.4 
Bus 25 Bus 27 10.930' 20.870 1.91 13.7 
Bus 27 Bus 29 21.980 41.530 1.89 27.4 
Bus 27 Bus 30 32.020 60.270 1.88 39.8 
Bus 29 Bus 30 23.990 45.330 1.89 29.9 
Bus 8 Bus 28 6.360 20.000 3.14 2.140 99.0 
Bus 6 Bus 28 1.690 5.990 3.54 .650 27.6 
Transformers  
NO NE R % X % Tap 
Bus 6 Bus 9 .000 20.800 .978 
Bus 6 Bus 10 .000 55.600 .969 
Bus 4 Bus 12 .000 25.600 .932 
Bus 28 Bus 27 .000 39.600 .968 
Shunt Elements  
NO 	wC*Sbase 
Bus 10 	19.011 
Bus 24 4.000 
Time for input: 	.16 
Time for compact: .01 
Time for factorization: 	.01 
No. of iterations: 4.5 
Maximum mismatch (in pu): 1.1E-05 8.2E-05 
Time for solution: 	.01 
Execution tine: 	.19 
S base : 100. 
Bus Vsp Voltage Generation QGuin QGmax Load 
Bus 1 nrn .• • a. .00 98.79 -3.13 
Bus 2 1.045 1.045 -1.85 80.00 47.66 -20.00 60.00 21.70 12.70 
Bus 5 1.010 1.010 -6.51 50.00 19.16 -15.00 62.45 94.20 19.00 
Bus 8 1.010 1.010 -5.65 20.00 33.75 -15.00 56.57 30.00 30.00 
Bus 11 1.050 1.050 -4.56 20.00 7.01 -10.00 45.83 .00 .00 
Bus 13 1.050 1.050 -6.32 20.00 3.79 -15.00 56.57 .00 .00 
Bus Voltage Load 
Bus 3 1.019 -3.77 2.40 1.20 
Bus 4 1.012 -4.51 7.60 1.60 
Bus 6 1.010 -5.34 .00 .00 
Bus 7 1.002 -6.35 22.80 10.90 
Bus 9 1.037 -6.75 .00 .00 
Bus 10 1.033 -8.67 5.80 2.00 
Bus 12 1.045 -7.78 11.20 7.50 
Bus 14 1.030 -8.72 6.20 1.60 
Bus 15 1.026 -8.85 8.20 2.50 
Bus 16 1.033 -8.44 3.50 1.80 
Bus 17 :.':28 -8.82 9.00 5.80 
Bus 18 1.016 -9.50 3.20 .90 
Bus 19 1.014 -9.69 9.50 3.40 
Bus 20 1.018 -9.49 2.20 .70 
Bus 21 1.021 -9.15 17.50 11.20 
Bus 22 1.021 -9.15 .00 .00 
Bus 23 1.015 -9.34 3.20 1.60 
Bus 24 1.010 -9.65 8.70 6.70 
Bus 25 1.008 -9.65 .00 .00 
Bus 26 .990 -10.08 3.50 2.30 
Bus 27 1.016 -9.38 .00 .00 
Bus 28 1.005 -5.81 .00 .00 
Bus 29 .996 -10.63 2.40 .90 
Bus 30 .984 -11.53 10.60 1.90 
Power Generated: 288.79 108.25 
Power Demanded: 283.40 126.20 
System Losses: 5.39 -17.95 
Printout time: .15 
Bus 1 	Bus 2 58.61 	-10.90 
Bus 1 Bus 3 40.18 7.77 
Total: 98.79 -3.13 
Bus 2 	Bus 1 -58.00 9.84 
Bus 2 Bus 4 31.47 9.03 
Bus 2 	Bus 5 45.46 8.24 
Bus 2 	- Bus 6 39.36 7.85 
Total: 58.30 34.96 
Bus 5 	Bus 2 -44.53 -6.54 
Bus 5 Bus 7 .33 6.69 
Total: -44.20 .16 
Bus 8 	Bus 6 -11.94 3.17 
Bus 8 Bus 28 1.94 .58 
Total: -10.00 3.75 
Bus 11 	Bus 9 20.00 7.01 
Total: 20.00 7.01 
Bus 13 	Bus 12 20.00 3.79 
Total: 20.00 3.79 
Bus 3 	Bus 1 








Bus 4 	Bus 2 
Bus 4 Bus 3 
Bus 4 	Bus 6 
























































Bus 11 -20.00 -6.17 
Bus 10 32.65 3.96 
Bus 6 -12.65 2.21 
Total: .00 .00 
Bus 9 -32.65 -2.85 
Bus 20 8.89 3.78 
Bus 17 4.98 4.84 
Bus 21 16.28 9.58 
Bus 22 7.94 4.31 
Bus 6 -11.25 -1.36 
Bus 10 .00 -20.30 
Total: -5.80 	-2.00 
Bus 13 -20.00 -3.26 
Bus 14 8.01 2.29 
Bus 15 18.54 6.45 
Bus 16 7.61 2.95 
Bus 4 -25.36 -15.93 
Total: -11.20 	-7.50 
••■ 
is 14 	Bus 12 -7.93 -2.13 
is 14 Bus 15 1.73 .53 
Total: -6.20 -1.60 
a 15 	Bus 12 -18.31 -5.99 
as 15 Bus 14 -1.72 -.52 
as 15 	Bus 18 6.16 1.54 
as 15 Bus 23 5.67 2.48 
Total: -8.20 -2.50 
I 
iS 16 	Bus 12 -7.55 -2.83 
is 16 Bus 17 4.05 1.03 
Total: -3.50 	-1.80 
us 17 	Bus 16 -4.04 -1.00 
us 17 Bus 10 -4.96 -4.80 
Total: -9.00 	-5.80 
Bus 18 	Bus 15 	-6.11 	-1.45 
Bus 18 Bus 19 2.91 	.55 
Total: 	 -3.20 -.90 
Bus 19 	Bus 18 	-2.91 	-.54 
Bus 19 Bus 20 -6.59 -2.86 
Total: 	 -9.50 	-3.40 
Bus 20 	Bus 19 	6.61 	2.89 
Bus 20 Bus 10 -8.81 -3.59 
Total: 	 -2.20 	-.70 
Bus 21 	Bus 10 







Bus 22 	Bus 10 -7.89 	• -4.20 
Bus 22 Bus 21 1.33 1.87 
Bus 22 	Bus 24 6.55 2.33 
Total: .00 	.00 
Bus 23 	Bus 15 -5.64 -2.40 
Bus 23 Bus 24 2.44 .80 
Total: -3.20 	-1.60 
Bus 24 Bus 22 -6.50 -2.24 
Bus 24. Bus 23 -2.43 -.78 
Bus 24 Bus 25 .23 .41 
Bus 24 Bus 24 .00 -4.08 
Total: -8.70 	-6.70 
Bus 25 Bus 24 -.23 -.41 
Bus 25 Bus 26 3.55 2.37 
Bus 25 Bus 27 -3.32 -1.96 
Total: .00 	.00 
Bus 26 Bus 25 -3.50 -2.30 
Total: -3.50 	-2.30 
Bus 27 Bus 25 3.33 1.99 























Total: .00 	.00 
29 Bus 27 —6.10 —1.51 
I 29 Bus 30 3.70 .61 
Total: —2.40 	—.90 
30 Bus 27 —6.93 —1.36 
Is 30 Bus 29 —3.67 —.54 
Total: —10.60 	—1.90 
Item losses: 	5.39 	—17.95 
Appendix B 
BP= Based 
Typical Transmission Line Data 
1 
Using the EPRI report on 
'Synthetic Electric Utility Systems for Evaluating Advanced Technologies" 
EPRI EM-285 
Project TPS -75 -615 
February 1977, Final Report 
the following data is extracted: 






33 1.25 2.5 X/R < 2.5 0.004 
115-161 0.0845 0.413 2.5 < X/R < 8 0.104 
230 0.0245 0.152 5.5 < X/R < 8 0.285 
345 0.0t468 0.050 8 < X/R < 14 0.858 
500 and up 0.00126 0.0245 X/R > 14 1.74 
Appendix C 
IEEE (ARP) 118 Bus Networks 
Raw Data 
Appendix C 




AEP 118 BUS TEST SYSTEM 
The data for this system, part of American Electric 
Power, is being made available to the electric utility industry 
as a standard test case for evaluating various analytical 
methods and - computer programs for the solution of power networks. 
If further information is desired, please contact Mr. Glenn W. Stagg, 
American Electric Power Service Corporation, 2 Broadway, New York 8, 
New York, HAnover 2-4800, Ext. 6LO. 





AEP 118 BUS TEST SYSTEV. BUS 9.X.,)E 	ZliAti. 
AEP 118 BUS TEST SYSTEM 
OPERATING CONDITIONS 
Starting Bus Voltage  
Bus 	Magnitude 	Phase Angle 	Generation 	 Load  
Yumber per Unit Degrees EN 	j4var ii k! 	Ever 
	
1 	1.0 	 0 	 0 	0 	 51 	27 
2 1.0 0 0 0 20 9 
. 1.6 O. 	 0 	0 	 39 	10 
1.0 0 G - , 0 30-  12 
5 	1.0 	 0 	 0 	0 	 0 	0 
6 1.0 0 0 0 52 22 
7 
	
1.0 	 0 	 0 	0 	 19 	2 
1.0 0 -26 0 0  0 
. 9 1.0 	 o 	 0 	0 	 0 	0 
10 	1.0 0 450 0 0 0 
11 1.0 	 0 	 0 	0 	 7o 	23 
12 	1.0 0 85 0 47 lo 
13 1.0 	 0 	 0- 	0 	 311 	16 
14 	1.0 0 C 0 . 114 1 
15 1.0 	 0 	 0 	0 	 90 	30 
16 	1.0 0 0 0 25 10 
17 1.0 	 0 	 0 	0 	 11 
18 	1.0 . 	0 0 0 60 	3 
19 1.0 	 0 	 0 	0 	 45 25 
d 20 	1.0 0 0 0 18 	3 
21 1.0 	 0 	 0 	0 	 11. 8 
22 1.0 0 0 0 10 	5 
23 
	





1.0 	 o 	 0  o 
25 1.0 0 220 	0 	 0 	0 
26 	1.0 	 0 	314 0 0 0 
27 1.0 0 o -, 	0 	 62 	13 
28 	1.0 	 0 	 0 0 . 17 7 
25 1.0 0 0 	O. 	 21-A 	h 
3o 	1.0 	 0 	 0 0 
. 
O 0 
31 1.0 0 7 	0 	 43 	27 
32 	1.0 	 0 	 0 0 . 59 23 
33 1.0 0 0 	0 	 23 	9 
11: 	1.0 	 0 	 0 0 59 26 
35 1.0 0 0 	0 	 33 	9 
36 	1.0 	 0 	 0 0 31 17 
37 1.0 0 0. 	0 	 0 	0 
38 	1,0 	 0 	 0 0 o ki 
1.0 0 0 	0 	 27 	11 
n 1.0 0 -46 0 20  23 
hl 	1.0 	 0 	 0 	0 	 37 	10 
1, 2 1.0 0 -59 0 37 23 43 	1.0 	 0 	 0 	0 	 18 	7 
1.14 1.0 0 0 0 16 3 
J 15 	1.0 	 0 	 0 	0 	 53 	s,s, 
146 1.0 0 19 C 28 10 
t;7t' 	1.0 	 0 	 0 	0 	 34 	0 
AEP 118 BUST TEST SYSTEM 
OPERATING CCNDITIONS 	Contd. 
Starting Bus Voltage 
Bus 	Magnitude 
pumber , Per. Unit  
48 	1.0 










57 	1 . 0 








































J 	91; 	1.0 
Cr 1.0 ..i 
96' 	1.0 
97 1.0 
98 	1.0  
Load 
O 0 	0 	.20 	- 11. 
O 204 0 87 30 
O 0 	0 	17 	14 
O 0 0 17 8 
O 0 	6 	18 	- 
O ' 	 0 0 -23 11 
O 48 	0 	11332 
O 0 0 63 
	
22 
O 0 	0 	 18 
O - 0 0 3.2 1 
O 0 	0 	3.2 	3 
O 155 .0 277 113 
O 0 	0 	78 	3 
O 160 0 0 0 
O 0 	0 	77 	114 
O 0 0 0 0 
O 0 	0 	0 	0 
O 391 0 
. 
0 0 




28 7 . 
O 0. 	0 	0 	0 
30 516. 1. 0 0 0 
0  0 	. 0 	66 	20 
O 0 0 0 0 
O -12 	0 	0 	0 
O -6 0 0 0 
O 0 	0 	68 	27 
O ' 0 0 47 11 
O 0 	0 	68 	36 
O 0 0 61 28 
O 0 	.0 	71 	26 
0 	• 0 0 39 32 
,0 1477 0 	130 	26 ;0 0 	0 0 0 
O 0 0 	54 	27 
O 0 	0 20 10 
0 00 0 11 7 0 0 24 15 
O -0 	0 	21 	10 
O 4 0 0 0 
O 0 	0 	48 	10 
O 607 0 0 0 
O -65 	0 	78 	• 1-. 2 
O -10 0 0 0 
O 0 	0 	65 	10 
O 0 0 12 7 
O 0 	0 	30 
	
16 
O 0 0 31 
O 0 	0 	38 15 
O 0 0 15 	9 
O 0 	0 	34 8 
Phase Angle 	Generation 
Degrees . Hmar 
Sving nnehino 
AEP ne BUS TEST SYSTEM 























Starting Bus Voltage 































































































































AEP 118 BUS TEST SYSTEM * 
N E 	
gan_LA1A • 
_./ 	33- 37 	 .0/4150 	 .00659 
.• 
3 1-- 36 
35- 37 .01100 .00134 
35- 36 	 .00224 	 .03160 
19- 31, .07520 .01597 
31- 32 	 .02c8o 	 . .05865 










8 - 30 
	
17- 30 	 0 	 .09430 	 .01190 
2E- 2'; .01913 	 .08550 .01080 
27- 28 	 .16300 	 .08820 





. 5 - 6 	 .10800 	 .01420 
21- 22 	 .08490 	 .01080 
20- 2 
15- 19 	 .02520 
19- 20 
.00571 
18- 19 	 .01119 	 .0050 	 .00649 
17- 18 
16- 17 	 ..04370 	 .0220 




13- 15 	 .07440 	 •.07070 	 .00908 
12- 14 
.00938 
11- 13 	 .03400 	 .00437 
3 - 12 	 .o1+8140 	 .00786 7 - 124 .00862 .02030 
11- 12 	 .00869 2 - 12 
.01870 .00251 
4 - 11 	 .00258 	 .03220 	" .61500 .0688o 5 - 11 
9 - 10 . .02670 -Os:>. 0 
8 - 9 
5 - 8 	c., 	
0 
.03050 	 .58100 
3 - 5 .02410 	 .00798 .00105 
6 -_? .01190 .05400 '.00713 
14 .... 5 .01290 	 .04240 	. .00541 
1 - 2• 





1 .01830 	 .00505 






.00799 	 .25700 
.00431 .05040 
.02370 
.03180 -_ 0 
.01560 	 .02490 
.01350 .04920 
.03420 	 .01230 
.02090 .09700 
.01200 .11700 	' 	.01490 





.02225 	 .07310 





.o • .04320 • .03820 
























. :4, 0 
.02020 
MPE I 
-AEP 118 BUS TEST SYSTEM 
;14IPEDA.HCE AN1, UNE CHARGING DATA  Contd, 
I -- . 
k.../ 	Line 	 Resistance 	Reactance 	Line Charging Designation Per Unit** Per Unit** arEflittt_ 
34- 37 	 .00256 	" .00940 	 .00492 
37- 38 
. 
9 -.. 	 0 .03750 - 1L5 n 37- 39 	 .03210 	 .10600 	 .01350 37- 4o .0593o .16800 .02100 30- 38 	 .00464 	 .05400 	 .21100 
	
13?" :() .01840 .0605o .00776 .1v- .11 	 .0145o 	 .0487o 	 .00611 4o- 42 .05550 .18300 .02330 41- 42 	 .04100 	 . 	 .01720 13500 -43- 44 .06080 •24540 	 .03034 .04130 	 .16810 
4 	
.02113 44- 45 	 .02240 .09010 	
• 
.01120 5- 46 .0400o 	 .13560 	 .01660 46- 47 
	
.03800 .12700 .0158o 46- 48 .06010 	 .18900 	 .02360 47- 49 .01910 .06250 .00802 
2- 4 
42- 49 	 .07150 	 ,32300 	 .04300 49 .07150 .32300 .04300 4 5- 49 	 .0684o 	 .18600 	 .02220 48- 49 .01790 .05050 .00629 49- 50 	 .02670 	 .07520 .009 ... i 	49- 51 .04860 .13700 	 .01710
37 
.1 
51- 52 	 .02030 	 .05880 .00698 52- 53 .0405o .16350 	 .02029 




49- 54 .08690 	 .29100 .03650 
.03690 
54 - 55 	 .01690 .07070 	 .01010 54- 56 .00275 	 .00955 .00366 55-. 56 	 .00488 .01510 	 .00187 56- 57 .03430 	 .09660 .01210 50- 57 .:1) 474o .1340o 6 	 .01660 5- 58 	 .03430 	 .09560 	 .01210 
514- 59 
51- 58 
.02550 .07190 .00894 .0503o 	 .22930 .02990 56- 59 
56- 59 	




 - 59 .04739 .21580 	 .02823 
59- 61 	
.03170 	 .14500 .01880 
60-, 61 
.03280 .15000 	 .01940 
60- 62 	
.00264 	 .01350 .00728 
61- 62 
.01230 . 05610 .00731.  ' .00824 	 .03760 	 .00490 -tr 
63- 6 4 
59=.63' 	..... -	 o .03860 -J ,-• o 
61- 64 	
.00172 	- 	•02000 	 .10800 0  
8- 65 .00901 	
•02680 4.!:, : 0 3 	
.09860 	 .52300 
-/ 	
611- 65 	 .00269 • .03020 .19000 
!9- 66 
L9- 66 .01300 	 .09190 	 .01240 
e....:- ..,0 
-.. 4  .01600 .09190 .01240 AY 
62- 67 	








































89- 92 . 









AEP 11E BUS TEST SYSTEM 




Per Unit**  
. Line Charging 
- 	0 	 -03700 	 •q3; 0 
	
.02240 .101!"'0 .01341 .00138 	 .01600 	 .31900 .08440 .27780 .03546 .09850 	 .32400  •04140 
.03000 
0 .0370 
.12700  0 
	 ./3:-.. 0 
. 	• .10221 	 .41150 	 006100 5099 .00882 • .03550 .00439 .04880 	 .19600 	 ' . 02440 .04460 .18000 02222 .00866 	 .0454o 	
.
.00589 .04mo .13230 .01684 .04280 	 .14100 	 .01800 .04050 .12200 .06200 .01230 	 .04060. 	 .00517 .0444o .1480o .0184o 
.  
.03090 	 .1010o 	 .05190 06010 .19990 .0248 
.00546 	
9 .00376 . .0124o 	 .00632 . .02440 .00324 .0170o .0485o 	 .0236o .02940 	 -.10500 .01140 .01560 . 	.0704o 	 .00935 . .00175 	 .02020 .4040o 0 .037oo 	 -cf3s o .02980 	 .08530 .04087 .01120 .03665 	 .01898 .06250 	 .13200 .01290 :04300 .14800 	 .01740 .03020 	 .06410 x0617 . .03500 .12300 	 .0138o . .02828 	 ..20740 .02225 .02000 .10200 	 .01380 .02390 	 .17300 02350 .01390 .07120 	
.
.00967 .05180 	 .18800 02640 .02380 .09970 	 . 
.
053m .02540 	 .08360 .01070 .00990 .05050 	 .0274o .03930 	 .15810 . .0207 ..03870 . .12720 • 	
0
01634 • .02580 	 .08480 
.
.0100 9 .04810 .15800 	 02030 •.0223o 	• 	.07320 
.
.00938 .01320 .04340 	 .00555 .03560 	 .18200 .02470 
AMP 118 BUS TEST SYSTEM - 




Per Unit**  
Reactance 	Line Charging 
Per Unit** Per Unit** 
82- 96 '.01620 . 	.05300 .02720 
94- 96 	. .02690 .08690 .01150 
80- 97 .01830 .09340 .01270 
- 	80- 98 .02380 .10800 .01430 
80- 99 .04540 .20600 .02730 
92- 100 .06480 .29500 .03860 
94- 100 .01780 .05800 .03020 . 
95- 96 .01710 .05470 .00737 
96- 97 .01730 .08850 .01200 
98- 100 .03970 .17900 .02380 
99, 100 .01800 .08130 .01080 
100- 101 .02770 .12620 	. .01640 
92- 102 .01230 .05590 .00732 
101- 102 .02460 .11200 .01470 
100- 103 .01600 .05250 	
. 
.02680 
100- 104 • .04510 -.20400 .02705 
103- 104 .04660 .15840 .02035 
103- 105 .05350 .16250- .02040 
100- 106 .06050 .22900 .03100 
104- 105 .00994 .03780 .00493 
105- 106 .01400 . 	.05470 .00717 
105- 107 .05300 .18300 .02360 
105- 108 .02610 .07030 .00922 
106- 107 .05300 .18300 .02360 
108- 109 .01050 .02880 .00380 
103- 110 .03906 .18130 .02305 
109- 110 .02780 .07620 	- .01010 
110-s 111 .02200 .07550 .01000 
110- 112 .02470 .06400 .03100 
17- 113 .00913 .03010 .00384 
32- 113 .06150 .20300 .02590 
32- 114 .01350 .06120 .00814 
27- 115 .01640 ..07410 .00986 
114- 115 .00230 .01040 	. .00138 
68- 116 .00034 .00405 .08200 











* Based on AEP System for Total Loss Formula June 1962 
- ** Impedance and line-charging susceptance in-per unit on a 
100,000 kya base 
Line charging one-half of total charging of line 
CH 
AEP 118 BUS TEST SYSTEM 








































j c- ../ 
.991 
Voltage Magnitude 	Minimum 	 . Maximum 









.955 	 -5 	 15 
.998 . 	-300 300 
.99 	 -13 	 ' 	50 
1.05 	
--300 -300 
.99 -35 	 120 
.97 	 -10 . 	 30 
.973 -16 	 50 
.962 	 -8 24 
.992 -300 	 300 
1.05 	 -147 140 
1.015 -1000 	 loon 
.968 	 -300 300 
..967 -300 	 Soo 
.963 	 -14 42 
.984 -8 	 24 
.98. 	 . 	-8 24 
.97 -300 	 300 
.985 	 -300 300 
1.005 -100 	 100 
1.025 	 -85 210 
.955 -300 	 300 
.952 	 -8 23 
.95h -8 	 15 
.985 	 -6o 180 
.995 -loo 	 3oo 
.998 	 -20 20 
1.005 -67 - 	 200 
1.05 	 -67 200 
.9E4 -10 	 32 
.98 	 -100 100 
-6 	
100 
.9143 -8 23 
-165. 	
70 
.985 -8 	 23 
1.015 	 -10o 1000 
1.005 -210 	 300 
.985 	 -300 300 
.98 -100 100 






99 	 . 1.01 -100 • 	100 
AEP 118 BUS TEST SYSTEM 
Bus' 
fiumber 







100 1.017 -50 • 
•
15.5 
103 . 	1.01 -15 40 
104 .971 .8 23 
105 .965 -8 23 
107 .952 -200 200 
110 .973 -8 23 
-111 .98 -100 1000 
112 .575 -100 1000 
113 .993 7100. - 200 
116 1.005 -1000 1000 
AEP 118 BUS TEST SYSTEm 
1-13111S"RYERIMr&--- 
Transformer 




- 38-37 .935 






Off-nominal turns ratio, as determined by the 
actual transformer tap positions and the voltage 
bases. In the case of nominal turns ratio, this would 
equal 1: 
'AEP 113 BUS TEST SYSTE' 














79 .2 . 
62 .2 




Susertance in per unit en a 100,000-kva base. 
AEP 118 BUS TEST SYSTEM 
LOAD FLOW SOLUTION 
The results of the test load flow are listed in the 
following pages. Data pertinent to each bus of the system is 
listed with the corresponding bus number which, in turn, -refers 
to the original bus coding diagram. Printed from left to right 
following each bus number, and in this order, is bus voltage in 
per unit, phase angle in degrees, system generation in megawatts 
and megavars, and bus load in megawatts and megavars. Where 
static capacitors or shunt reactors are connected to the bus, 
their contribution in megavars is also specified (plus for 
capacitors, minus for reactors). 
Power and reactive flows in and out of each bus are 
tabulated under that bus number and are designated by the bus 
numbers at the far ends of the circuits. Plus values indicate 
flow of power and reactive out of a bus, and minus values 
indicate flow into a bus. Tap settings are printed next to 
those flows which represent transformer loadings.. The tap is 
listed only once and for that bus on which the tap is represented. 
The location of the swing machine, megawatt and 
negavar losses and the mismatch are printed following the 
inforiation pertrdning to the last bus. The mismatch in 
megawatts and megavars is listed next fcr each bus of the 
system in order of the bus numbers. It is the net difference 
in the flow of power cr reactive in and out of a particular 
bus and is a test of the accuracy of the results. The final 
figures, following the mismatch, are the number of iterations, 
and the total and average mismatch excluding the swing machine. 
The large misratch value for the swing bus results from not . 
estimating the value of its generatioi.. • 
'Following the load flow output is a listing of the 
original line and transformer impedance data followed by an 
ordered double entry list of line and transformer admittances. 
• 
1EP 11C BUS TEST SYSTEK 
CASE 1 1962 	LOADS 
BASE CASE 
BUS . 1 .955 	10.67 .0 -3.0 51.00 27.00 




BUS 2 .971 	11.22 .0 20.00 9.00 - 
1 12.6 11.0 
12 	-32.6 -19.9 
BUS 3 .968 	11.56 .0 .0  39.00 10.00 
1 39.1 16.8 
5 	• 	-68.2 -14.5 
12 -9.9 -12.4 
BUS 4 .998 	15.28 -9.0 -14.8- 30.00 12.00 
5 	-104.4 -26.6 
11 64.1 -.2 
AUS 5 1.002 	15.73 .0 .0 .00 .00 -40.16 
3 69.4 17.3 
4 	104.6 27.3 • 6 
88.6 4.1 
8 	-339.5 -91.9 
It 77.2 3.0 
BUS 6 .990 	13.00 .0 16.1 - 52.00 22.00 • 
5 -87.6. -1.3 - 
7 	35.3 -4.7 
BUS 7 .989 	12.56 .0 .0 19.00 2.00 
6 -35.2 4.5 
12 	16.3 -6.5 
BUS 8 1.015 	20.77 -28.0 62.9 .00 .00 
5 339.5 124.8 TAP 	.985 
9 	-440.7 -81.7 
30 73.0 27.9 
BUS 9 1.043 	28.02 .0 .c .00 .00 
8 445.4 24.5 
10 	-445.4 -24.4 
BUS 10 1.050 	•35.61 450.0 -51.1 .00 .00 
9 45C.2 -51.1 
BUS 11 .985 	12.72 .0 .0 70.00 23.00 
4 -63.2 1.3 
5 	-76.0 -.6 
12 34.0 -35.0 
13 	34.8 11.5 







7 -16.3 5.7 
11 -33.1 35.0 ' 
14 -16.1
-- 
8  2.7 
7.3 4.3 
117 20.1 5.2 
•• 
BUS 13 .968 	11.35 .0 .0 34.00 16.00 
11 •••34.5 
15 	.6 
BUS 14 .984 	11.50 .0• .0 14.00 1.00 
12 -18.0 
IS 	4.0 . 3.2 




19 	11.1 12.5 
33 6.9 -4.8 
. BUS 16 .904 	1/.91 .0 .0 25.00 10.00 
12 
17 	-17.7 
BUS 17 .995 	• 13.74 .0 .0 11.00 3.00 
15 105.3 25.3 
16 	17.9 -.3 
18 8C.2 24.9 
30 	-231.7 -70.4 
31 14.8 11.5 
113 	1.9 6.1 
BUS 18 .973 	11.53 .0 25.4 60.00 34.00' 
17 . 	-79.4 -22.5 
19 19.3 13.9 
BUS 19 .963. 	11.05 .0 -8.0 45.00 25.00 
15 -11.0 -13.3 
18 	-19.2 -14.6 
20 -10.6 5.4 
34 	-3.9 -10.5 
BUS 2C .958 	11.93 .0 .0 . 18.00 • 3.00 
19 1C.7 . 
21 	-28.7 5.0 
BUS 21 .959 	13.52 .0 .0 . 14.00 8.00 
20 28.9 -6.2 
22 	-42.9 ...-.1.8 
BUS 22 .970 	16.08 .0 .0 10.00- 5.00 
21 43.3 1.5 
23 	.-53.3 -6.5 
BUS 23 1.000 	21.00 .0 .0 7.00 3.60 
22 54.4 7.4 
24 	7.6 11.0 
25 -162.4 
32 	93.2 4.7 • 
BUS ill .992 	20.89 •-.13•0 13.7 . .00 .00 
23 -7.6 
70 	-6.1 
72 .7. 3.5 
BUS 25 1.050 	27.93 220.0 49.8 
23 166.6 38.4 
2t 	-.90.4 -13.6. 
27 143.6 30.1 
BUS 26 1.015 	29.71 314.0 9.9 .00 .00 
.00 
25 	90.4 	21.6 
30 223.6 -11.7 
TAP 	.960 
BUS 27 .968 	15.35 	-9.0 3.0 62.011, 13.00 
25 	-137.2 -15.2 
28 32.9 	-.6 
32 	12.4 1.1 
115 20.7 	4.7 
BUS 28 .962 	13.62 	.0 .0 17.00 7.00 
27 -32.7 -.4 
29 	• 15.6 	-6.6 
BUS 29 .963 	'12.63. 	.0 .0 24.00 4.00 
28 -15.6 4.6 
31 	-8.6 	-8.6 
BUS 30 .986 	18.79 	.0 .0 .00 .00 
8. -72.7 . 	-75.2 
17 	231.7 93.4 TAP 	.960 
26 -219.6 	-36.4 
38 	60.9 18.3 
BUS 31 .967 * 	12.75 • 	7.0 32.1 43.00 27.00 
17 	-14.6 	-14.7 
29 8.6 7.9 
32 	-29.9 	11.8 
BUS 3? .964 	14.80• 	.0 -14.0 59.00 23.00 
23 	• -90.4 	-5.8 
27 -12.4 -2.7 
31 	30.2 	-13.1 
113 4.1 -17.5 
114 	9.5 	• 2.1 
BUS 33 .972 	10.63 	.0 .0 23•00 9.00 
15 -6.9 1.8 
37 	-16.1 	-10.8 
BUS 34 .986- 	11.30 	- 	.0 -8.0 59.00 26.00 43.61 
19 	4.0 4.7 
36 30.4 	11.4 
37 	-95.3 -38.3- 
43 1.1 	2.0 
BUS 35 .981 	10.87 	.0 .0 33.00 9.00 
36 .2 6.3 
37 	-33.9 	-15.2 
• 
BUS 36 .98C 	10.87 	.0 -.9 31.00 17.00 
34 -30.3 -11.7 
35 	-.2 	-6.6 
BUS 37 .992 	11.77 	. 	.0 .0. .00 1,00 -24.60 
33 16.3 7.8 
34 	95.6 	38.4 
35 34.0 14.6 
38 	-244.2 	-86.4 
29 54.7 3.8 
40 	43.8 	-2.9 
• • 
BUS 2S .9'.? 	16.91 .0 
30 -60.6 	-55.4 
37 	244.2 112.0 TAP 	.935 
65 -183.4 	-56.5 
Thus 39 .970 	8.41 
37 -53.7 
.0 .0 27.00 11.00 
40 	26.7 
BUS 40 .970 	7.35 -46.0 27.0 20.00 23.00 
37 -42.7 2.1 
39 6.9 
41 	15.3 1.3 
42 -12.1 -6.4 
BUS 41 .967 	6.92 .0 .0 37.00 10.00 
40 -15.2 
42 	-21.7 
BUS 42 .985 	8.53 -59.0 41.1 37.00 23.00 
40 12.2 2.2 
41 	22.0 5.2 
49 -65.1 5.3 
49 	-65.1 5.3 
BUS 43 .978 	11.28 .0 .0 18.00 7.00 
34 
44 	-16.9 -.9 
'BUS 44 .985 	13.82 .0 .0 ' 	.16.00 8.00 9.70 
43 17.1 -4.2 
45 	-33.1 5.9 
BUS 45 .987 	15.67 .0 . 	.0 - 	53.00 22.00 9.73 
44' 33.3 -7.0 
46 	-36.5 -3.4 
49 -49.9 -1.9 
BUS 46 1.005 	18.49 19.0 28.00 • 10.00 10.10, 
4C 37.0 1.9 
47 	-31.3 -1.1 
48 -14.8 
BUS 47 1.017 	20.73 .0 .0 34.00 ' 	.00 
46 31.6 - 
49 	-9.3 -11.0 
69 -56.4 11.8 
BUS 411 1.021 	19.93 .0 .0 20.00 11.00 15.63 
46 14.9 1.4 
49 	-35.0 3.2 
BUS 49 1.025 	20.94 204.0 116.1- '87.00 30.00 
42 	- 66.2 . .4 
42• 68.2 .4 
45 	51.6 2.2 
47 9.4 9.4 
48 	35.2 
SO 571..7 13.4 
51 	66.7 20.4 
• 54 37.8 13.1 
54 	37.8 11.2 
66 -132.3 4.4 
66 	-132.3 4.4 
69 -46.9 10.8 
BUS 5C 1.001 	18.90 .0 .0 17.00 4.00 
40 -57.9 -I3.k 
57 	35.9 9.1 
BUS 51 .967 	16.28 . 	.0 .0 17.00 8.00 
49 -64.4 -17.4 
	
•52 	28.6 	6.2 
58 18.8 	3.2 
YBUS 52 .957 	15.32 	.0 	.0 - 18.00 	5.00 
.0 	12.00 	3.00 BUS 57 .971 	16.36 	.0 
50 -35.2 -10.5 
56 	23.3 	7.5 
.0 	12.00 	3.00 BUS 58 .959 	15.51 	.0  
51 -18.7. -4.5 • 
56 	6.7 	1.5 
51 -28.4 
53 	1C.4 	2.0 • 
BUS 53 .946 	14.35 	. .0 	.0 	23.00 	11.00 • 
52 -10.3 -5.4.  
54 -12.7 
- BUS 54 .955 	15.26 	48.0• 	4.0• 113.00 	32.00 
49 -36.6  
49 -36.4 -13.8 
53 	12.7 	3.0 
55 7.1 1.1 
56 	18.3 	4.4 
59 -30.4 -7.5 
BUS 55 .952 	14.97 	.0 	4.7 	63.00 	22.00 
54 -7.1 -3.2 ' 
56 -21.5 	-5.8 
59 	-34.6 ;--8.2 
BUS 56 .954 	15.16 	.0 	-2.1 	84.00 	18.00 
54 -18.3 -5.0 
55 	21.6 	5.5 
57 -23.0 -9.1 
58 	-6.7 	-3.7 
59 -28.0 -4.2 
59 -29.3 	-3.9 
BUS 5C .985" 19.37 	155.0 	76.9 . 277.00 	113.00 
54 	30.9 4;3 
55 35.2 	5.9  
56 	28.7 1.0 
56 30.1 	1.1  
60 	-43.3 3.6 
61 -51.8 	5.0  
63 -151.9. -57.0 
BUS 6p .993 	23.15 	.0 	.0 	78.00 	3.00 
59 44.0 -4.4  
61 '-112.2 	8.6 
62 	-9.9 • -7.1 
61 .995 	24.04 	160.0 	-40.3 . 	.00 	.00 
59 52.7 
60 	112.6 	-8.3  
62 25.4 -13.8 
64 	-30.7 	-13.7 
BUS  62 	23.43 	. 0 	1.3 	77.00 	14-00  
60 	1C.0 5.7 • 
61 -25.4 	13.2 	  





BUS 63 .969 	22.75 	.0 .0 .00 
59 151.9 67.5 
64 	-152.0 	-67.5 
TAP 	.960 
BUS 64 .984 	24.52 	.0 .0 .00 .00 
• • 61 30.7 14.0 	. 
63 	152.5 	52.5 
TAP ..985 • 
65 -1C:.1 -66.5 
BUS 65 1.005 	27.65 	391.•) 
38 186.6 -8.8 
81.3 .00 .00 
64 	184.1 	40.1 
66 8.8 72.3 TAP 	.935 
68 	11.4 	-22.2 
BUS 66 1.050 	27.48 	392.0 
49 135.3 8.3 
-2.0 39.00' 18.00 
49 	135.3 	8.3 
62 38.0 14.7 
65 	-8.8 	-70.6 
67 53.2 19.3 
BUS 67 1.020 	24.84 	.0 .0 28.00 7.00 
62 24.5 12.1 
66 	-52.5 	-19.1 
BUS 68 1.003 	27.55 	.0 .0 .00 .00 
65 -11.4 -42.1 
69 	-128.2 	112.9 • TAP 	.935 • 
• 
	
81 -44.6 -4.6 
116 	183.9 	-66.2 
BUS 69 1.035 	30.00 	518.5 -82.7 	• .00 .00 
47 59.1- -10.1 
49 	49.2 	-12.1 
68 128.2• -103.6 
70 	108.9• 	16.0 
75 110.3 20.4 
77 - 	62.7 	6.7 
BUS 70 .984 	22.58 	.0 '8.3 66.00 • 20.00 
24 6.2 -8.3 
69 	-105.4 	-13.8 
71 17.4 -12.5 
74 	16.1 	12.9 
75 -.3 10.0 
BUS 71 .987 	22.15 	.0 
70 -17.3 11.8 
.0 .00. .00 
72 	11.3 	-1.1 
73 6.0 -10.7 
, 	BUS .72 .98C 	20.98 	-12.0 -11.1 .00 .00 
24 -.7 -8.2 
71 	-11.2 	-3.0 
BUS 73 .991 	21.94 	-6.0 9.7 .00 
71 	' -6.0 9.7 
68.60 BUS 74 .950 	21.54. 	.0 
70 -15.9 -15.5 
-5.6 2/.0J 
75 	-52.1 	-6.1 
47.09 11.00 BUS 75 ..967 	22.91 	.0 




70 	.3 -13.2 
74 52.5 	6.4 
77 	-34.6 -9.6 
118 40.2 	23.6 
BUS 76 .943 	21.77 	.0 	5.3 	68.00 	36.00 
77. -61.1 -21.0 
118 • -6.9 	-9.7 
12.0 ' 61.00 	28:00 BUS 77 1.006_ 26.72 	.0 
69 	-61.5 -13.6 . 






78 	,45.4 	6.6  
80 -96.4 -37.5 
80' -44.3 	-20.6  
82 	-3.0 17.3 
BUS 78 1.003 	26.42 	.0 	.0 	71.00- 	26.00 
77 -45.4 -7.6 
79 	-25.6 	-18.4- 
•BUS 79 1.009 	26.72 	.o • 	.0 	39.00 	32.00 	20.37 
78 25.7. 18.0  
80 -64.7 -29.6 
BUS 80 1.040 	28.96 . 477.0 	105.1 . 130.00 	2640 
77 98.2 	37.6  
77 	45.0 20.6 
79 65.4 	31.1  
81 	44.6 -73.1 
• 96 18.9 	20.8  
97 	26.4 25.5 
98 28.9 	8.3 
99 	19.5 8.2 
BUS 81 .997 	28.10 	.0 	.0 	.00 	.00 
68•. 44.7 -75.6  
80 	-44.6 	75.6 	TAP . .935 
BUS 82 .989 	27.24 	.0 
77 3.1 -25.0 
.0 	54.00 	27.00 	19.55 • 
BUS 83 .965 	28.42 	.0 	.0 	20.00 	10.00 	9.69 
82. -47.4 -27.1 
84 	-24.7 	14.7  
85 -42.7 12.1 
' BUS ,84 .980 . 	30.95 	.0 	.0 	11.00 	7.00 
83 	25.3 -16.0  
85 . -36.3 	9.0 
BUS 85 .985 	32.51 	.0 	-5.8 	24.00 	15.00 
83 ' 43.6 -12.4  
84 	36.7 	-9.3 
86 17.2 -7.4  
08 	-50.3 	. 7.6• 
C9 _71.2 .7 
BUS 06 .987 	31.14 	.0 	.0 	2140______.10.00 
85 -17.0 5.1 
87 	-4.0 -15.1 
CI'S 87 1.015 	31.4C 	4.0 	11.0 	.00 	-.00 
_ • - 
: 
	 i. 
86 	4.0 11.0 
BUS 88 .987 	35.64 .0 .0 48.00 10.00 
85 50.8 -7.5 
89 	-98.9 -2.5 
. 
i 




-12.6 .00 .00 
88 . 	100.2 1.7 
90 58.2 	• -4.7 	- 
90 	110.7 -5.4 
92 201.8 -7.2 
:46 	 53.6 -6.7 
BUS 90 .985 	33.29 -85.0 59.. .78.00 42.00 
89 -56.4 5.8 
89 	-107.8 7.0 
91 1.3 4.5 
BUS 91 .980 	33.31 -10.0 -15.1 .00 .00 
90 -1.3 -6.5 
92 -8.6 
BUS 92 .993 	33.80 .4.0 -3.0 65.00 10.00 
1 E9 22.1 
89 	-62.0 8.9 
91 8.8 5.6 
93 	57.7 -10.6 
94 	. 	52.3 -14.2 
100 31.4 -17.2 
102 	44.6 -7.6 
BUS 93 .987 	30.79- .0 .0 12.00 7.00 	. 
92 -56.8 11.4 
94 	44.8 -18.4 
BUS 94 .991 	28.64 .0 .0 30.00 16.00 
92 -50.8 14:8 
93: 	-44.3 18.3 
95 40.9 9.4 
96 	19.9 -9.4 
100 4.3 -49.1 
BUS 95 .981 	27.67 .0 .0 42.00 31.00 
94 • -40.7 -9.7 
96 	-1.3 -21.3 
BUS 96 .993 	27.51 .0 .0 38.00 15.00 
• 80 -18.6 -24.4 
82 	10.1 1.7 
94 -19.7 7.5 . 
95 	1.4. 20.1 
97 - 11.1 -19.9 
BUS 97 1.011 	27.88 .0 .0 15.00 9.00 
- 80 -26.2 -27.0 
96 	11.2 17.9 
CUS 98 1.0?4 	27.40 .0 .0 , 344.00 8.00 
80 -2P.7 -10.4 
1C0 	-5.3. 2.4 
BUS 99 1.010 	27.04 -42.0 -17.5 .00 
	80 -19.3 	-13.0 	 .- 
	
100 -22.7 -4.6 
• 
BUS 100 1.017 	28.03 	252.0 108.2 37.00 18.00 
92 -30.7 12.9 
94 	-3.9 	44.3 
9$ 5 :3 -70 
99 	22.8 	2.8 
101 -16.7 22.0 
103 	121.1 	-4.3 
104 ' 	56.4 10.6 • .._ 
106 60.6 	9.2 
BUS 101 .993 	29.61 	.0 .0 22.00 - 	15.00 
100. 17.0 -24.2 
102 	-39.0. 	9.3 
BUS 102 .991- 	32.30 	
.0 
.0 5.00 3.00 
92 	-44.3 F.3 
101 39.4 	-10.3 
BUS 103 1.001 • 	24.44 	40.0 40.0 23.00 16.00 
100 	-118.9 6.3 
104 32.3 	7.9 
105 	43.0 6.5 
110 60.6 	. 	3.2 
BUS 104 .971 	21.69 	.0 5.7 38.00 25.00 
100 -55.0 -9.3 
103 	-31.8 	-10.1 
105 48.7 .1 
'BUS 105 .966 	20.57 	.0 -8.0 31.00 26.00 18.66 
103 -41.9 -7.4- 
1 104 	-48.5 	-.0 106 8.7 4.6 
107 	26.7. 	-1.9 
108 24.0 -10.6 
BUS 106 .962 	20.32 	.0 .0 43.00 16.00 
100 -58.3 -6.8. 
105 	-8.6 	. 	-5.8 
107 24.0 -3.4 
BUS 107 .952 	17.53 	-22.0 ' 5.7 28.00 12.00 5.44 1 
105 -26.3 -1.1 
106 	-23.7 	.2 
BUS 100 .967 	11.38 	.0 .0 2.00 1.00 . 
J05 -23.8 7.4 
109 	21.8 	-10.4 
BUS 109 .967 	18.93 	.0 .0 8.00 3.00 
108 -21.1 9.9 
110 	13.7 	-12.9 
BUS 110 .973 	18.09 ,. 	.0 4.9' . 39.00 40.00 5.68 
. 103 	-59.1 	-1.0 
109 -13.6 11.2 • 
111 	-35.7 	1.0 
112 69.4 -30.6 
Bus 1)1 .qA0' 	11.74 	36.1) -1.0 .00 .00 
11D 	36.0 -1.0 
Z. siril 	14.99 	-43:0 41.5 25.00 13.00 
110 -68.0 7A.6 
BUS 113 .993 	13.74 	-6.0  6.4 .00 .00 
17 	 -6.8 
32 -3.9 	13.1 
.1 1 BUS 114 .96C . 14.46 	.0 	.0 	8.00 	3.00 
	
32 	-9.5 -3.6 
115 .9 	.7 
BUS 115 .960• 14.46 	.0 	
• 
.0 	22.00 	7.00 
27 	-'0.6 -6.1 
114 -.9 	-1.0 
BUS 116 1.005 	27.12 -184.0 	51.3 	.00 	- .00 
AP -114/.7 	51.2 
BUS 117 .974 	10.67 	.0 	.0 	20.00 	8.00 
12 -20.0 -8.0 
BUS 118 .949 	21.92 	.0 	.0 	33.00 	15.00 
75 -39.9 -23.5 
76 	6.9 	8.5 




















































































































































- .164 .140 
.574 -.139 
-.526 .106 
-.258 - .060 
-W041 .010 
-.r:5 .007 
ITERATION COUNT 	143  
TOTAL PJSMATCh 4.577 	1.217 
AVERAGE &ISMATCH .039 .010 • 
LEP 118 . BUS TEST SYSTEM. 
. 	23 	32 	 .0317C 
31 32. .0298C 
27 	32 	-. 	.0229C 
15 33 .03800 
1) 	34 	 .07520 
35 36 .00224 
35 	37 	 .0110C 
33 37 .04150 
34 	36 	 .00871 
34 37 .60256 
_ 37 	_ 	33 
• 	3I   - - 	39  	- - - - - - :IQ° -32"i Ce _
_ 3i 	40 .05930 
30 38 	 .00464 




P 	C 	 R 	 •X BC/2 
1 ' 2 .0303C 	 .09990 
1 	3 	 .0129C .04240 	
.01270 
.00541 
4 _... _____. 0 (11 7 6 	........ .4 0. 1 9.8 _____ 	00105 
.10800 . 	.01420 3 	5 	 .02410 
c 6 .0119C 	.05400 .00713 
f.• 	7 	 .00459 	 .02080 	 .00275 
8 9 .00244 .03050 .58100 
5 8 	.0000C 	 .02670 	 .00000 
9 	10 .00258 .03220 .61500 
4 11 	 .0209C 	 .06880 .00874 
5 	II .0203C .06820  .00869 
11 12 	 .0O595 	 .01960 	- 	.00251 
2 	12 .01870 .06160 .00786  
	
3 12 	 .0484C 	 .16000 	 .02030 
_ 	7 	12 .00862 .03400 - .00437 
'11 13 	 .02225 	 .07310 	 .00938 
12 	14 .0215C .07070 .00908 • 
13 15 	 .07440 	 .24440 	 .03134 
14 	15 .05950 .19500 .02510  
17 16 	 .02120 	 .08340 	 .01070 
15 	17 . .01320 	.04370 - .02220 
16 17 	 .04540 	 .18010 	 .02330 
17_ 	18 	.0123C .05050 	.00649  
1R 19 	 .0119C 	 .04930 	 .00571 
Its 	20 ..0252C .11700 .01490  
15 19 	 .0120C 	 .C3940 	 .00505 
2C 	21 	.0183C .08490 .010e0 
2i 22 	 .02090 	 .09700 	 .01230 
22 	23  .03420 .15900 .02020 	 
23 24 	 .0135C 	 .04920 	 .C2490 
23 	25 .0156C .08000 .04320  
2s 2E 	 ,0000C 	 .03820 • 	.00000 
2s 	27 -.03180 .16300 .08820 
27 28 	 .01913 	 .08550 	• 	.01080 	' 
28 	29 	.0237C .09430 . .01190 
17 3C 	 .00000 	 .03880 	 .00000 
. e 	 .  30 .05040 .25700  
26 30 	. 	:ggV)9 .08600 	.45400 
11. 	__31_ 
____ 0108 
.0474C 	 .15630 
.03310 	-::g1;- 29 -- - 31 -- 	.T- 
._. . . 	._ 
-1 
.11530 .05865 
.09850 	 .01255 
.07550 .00963  
.12440 	 .01597 
.24700 __ 	.03160 
.010 20 	- ---- :ifibirik-- 
.04970 .00659 __ 
.14200  :bliilb 
.02680 	 .00284 









40 	41 	 .01450 	 .04780 	 .00611 
4C 42 .05550 .18300 .02330 	• 
41 	42 	 .04100 	 .13500 	 .01720 
43 44  06080 .24540 _..A1034 
34 	43 	 .04130 	 .16810 	 .02113 
44 45 .02240 .09010 .01120  
45 	46 	 .04000 	 .13560 	 .01660 
45 47 .03800 .12700 .01580  
46 	48 	 .06010 	 .189^0 	 .02360 
47 49 .01910 .06250 .00802  
42 	49 	 .07150 	 .32300 	 .04300 
42 49 .07150 .32300 .04300  
4c 	
'? 	 .06840 	 .18600 	 .02220 
48 _49 	.01790 .05050 .00629  
49 	50 	 .02670 	 .07520 	 .00937 
49 51 '4.04860 .13700 .01710  
51 	52 	 .02030 	 .05880 	 .00698 
52 53 .04050 .16350 .02029  
53 	54 	 .02630 	 .12200 	 .01550 
49 54 .07300 	.28900 .03690  
. 	49 	54 	 .08690 	 .29100 	 .03650 
54 55 .01690 .07070 	.01010 	 
54 	56 	 .00275 	 .00955 	 .00366 
'5 56 .00488 .01510 .00187 
A 	 56 	57 	 .03430 	 .09660 	 .01210 
50 57 .04740 .13400 	.01660 
56 	58 	 .03430 	 .09660 	 .01210 . 
51 58 .02550 .07190 -.00894  
54 	59 	 .05030 	 .22930 	 .02990 
55 59 .08250 .25100 .02845  
56 	59 	 a.08030 	 .23900 	 .02680 
5S 59 .04739 	.21580 ' .02823 
59 	60 	 .0317C 	 .14500 	 .01880 
51 61 .03280 .15000 .01940  
60 	61 	 .00264 	 .01350 	 .00728 
60 62 .01230 .05610 .00734  
61 	62 	 .00824 	 .03760 	 .00490 
	 59 63 .00000 .03860 .00000 
63 	64 	 .00172 	 .02000 	 .10800 
61 64 .0000C .02680 .00000  
38 	65 	 .00901 	 .09860 	 .52300 
64 65 .00269 .03020 .19000  
49 	66 	 ..01800 	 .09190 	 .01240 
49 66 .0180C .09190 .01240 
62 	66 	 .04820 	 .21800 	 .02890 
62 67 .02580 .11700 .01550 
65 	56 	 .00000 	 .03700 	 .00000 
66 67 .02240 .13150 .01341  
65 	68 	 .00138 	 .01600 	 .31900 
47 69 .08440 .27780 .03546 	 
49 	69 	 .09850 	 .32400. 	.04140 
68 69 .0a000 	.03700 .00000 
69 	70 	 .03000 	 .12700 	 .06100 
24 70 .10221 .41160 .05099  
70 	71 	 .00882 	 .03550 	 .00439 
	 24 72 .048BC 	.17600 .02440 	.... 
71 	72 	 .04460 	 .18300 	. .02220 
71 - 73 .00866 __ ■ 4M31°L ---..-- .0P502 
7C 	74 	 .04010 	 .13230 	•.01684 
70 75 	.04280 .14100 .0!800 	 i 	69 	75 	 .04050 	 .12200 	 .06200 
__ 74 _ . - 75 .0123C .04060 . .00517 . . 	_  _       ____ 76 	77_ .04440 	 .14,300 	 .01840 
	69 	77 	.03090 	.10100 • .05190 
75 77 .06010 	 .19990 	 .02489 
77 	78 	 .00376 .01240 • .00632 
 
	
78 	79 	.00546 	.02440 	.00324 
77 80 .01700 .04850 .02360  
77 	80 	.02940 	.10500 	:01140 
79 80 .01560 .07040 .00935  
68 	81 	 .00175 	.02020 	.40400 
80 81 .00000 .03700 .00000  
77 	82 	.02980 	.08530 	.04087 
82 8,3 .01120 .03665 .01898  
83 	84 	 .06250 .01290 
83 85 .04300 	 .1:28(Olg 	 .01740  
84 	85 	 .03020 .06410 .00617 
85 86 .03500 	 .12300 	 .01380  
86 	87 	.02828 .20740 .02225 
	85 88 .02000 	 .10200 	 .01380  
85 	89 	 .0239C . .17300 .02350 
88 89 .01390 	 .07120 	 .00967  
89 	90 	 .05180 .18800 .02640 
89 90 .02380 	 .09970 .05300  
9C 	91 	 .02540 .08360  .01070 
89 92 .00990 	 .05050 	 .02740 
89 	92 	 .03930 .15810 .02070 
91 92 .03870 
9 	
.12720 	 .01634  
2 93 	 .02580  .08480 .01090 
92 94 .04810 	 .15800  .02030  
93 	94 	 .02230 .07320 .00938 
94 95 .01320 	 .04340  .00555  
8C 	96 	 .03560 .18200 	 .02470 	 . 
.01150 
82 96 .01620 	 .05300 .02720 : 
94 	96 	 .02690 .08690 	 / 
80 97 •.01830 	 .09340 .01270 
80 	98 	 .02380 .10800 	 .01430  
80 99 .04540 	 .20600 .02730  
92 	100 	 .06480 .29500 .03860 
94 100 .01780 	 .05800   .03020  
95 	96 	 .01710 .05470 	 .00737 
96 97 .01730 	 .08850 .01200  
98 	100 	 .03970 .17900 	 .02380 
99 100 .01800 	 .08130 .01080  
100 	101 	 .02770 .12620 	 .01640 
92 102 .01230 	 .05590 .00732  
101 	102 	 .02460 .11200 	 .01470 
100 103 .01600 	 .05250 .02680  
100 	104 	 .04510 .20400 	 .02705 
103 104 .04660 	 .15840 .02035  
103 	105 	 .05350 .16250 	 .02040 ' 
1 	100 106 .06050 	 .22900 .03100  
104 	105 	 .00994 .03780 	 .00493 
105 106 .01400 	 .05470 '.00717  
105 	107 	 .05300 .18300 	 .02360 
•05 108 .02610 	 .07030 	.00922  
1)06 	107 	 .05300 .18300 	 .4.02360 
108 109 .01050 	 .02880 .00380  
103 	110 	 .03906 .18130 	 .02305 
109 110 .02780 	 - .070.13 .01010  
110 	111 	 .02200 .07550 	 .01000 
110 112 .02470 	 .06400 	.03100  
17 	113 	 .00913 .03010 	 .00384 
32 113 .06150 	 .20300 .02590  
32 	114 	 .01350 .06120 	 .00814 
27 115 .01640 	 .07410 .00936 
114 	115 	 .00230 .01040 	
--- 
.0013S 
	 61; 116  .00034 	.00405 .0E203 
1' 	117 	 .03290 	 .14000 	 .01:ic.!0 
75 ila .01450 .04810 .00599 
















ADMITTANCES 1100 . MVA BASE) 
P 0 G B BC/2 
1' 2 2.78030 9.16674 .01270 
1 3 6.56766 21.58673 .00541 
2 1 2.78030 9.16674 .01270 
.2 12 4.51228 14.86397 .00786 
3 1 6.56766 • -21.58673 .00541 
3 5 1.96818 8.82006 .01420 
3 12 1.73212 5.726:33 .02030 
4 5 26.35599 119.50043 .00105 
4 11 4.04236 13.30690 .00874 
5 3. 1.96818 8.82006 .01420 
c ! 26.35599 119.50043 .00105 
5 . 	6 3.89193 17.66085 .00713 
5 8 .00000 37.45318 .00000 
5 11 4.00922 13.46940 .00869 
6 5 3.89193 17.66085 .00713 
6. 7 10.11664 45.84445 .00275 
7 6 10.11664 45.84445 .00275 
7 12 7.00640 27.63544 .00437 
8 5 .00000 37.45318 .00000 
8 9 2.60627 32.57838 .58100 
A 30 1.68443 19.69723 .25700 
9 8 2.60627 32.57838 .58100 
9 10 2.47246 30.85780 .61500 
10 9 2.47246 30.85780 .61500 
11 4 4.04236 13.30690 ..00874• 
11 5 4.00922 13.46940 .00869 
11 12 14.18144 46.71533 .00251 
11 13 3.81080 12.51997 .00938 
12 2 4.51228 14.86397 .00786 
12 3 1.73212 5.72603 .02 .030 
12 7 7.00640 27.63544 .00437 
12 11 14.18144 46.71533 .00251 
12 14 3.93720 12.94696 .00908 
12 16 2.86293 11.26266 .01070 
12. 117 1.59072 6.76904 .01790 
13 11 3.81080 12.51997 .00938 
13 15 1.13994 3.74463 .03134 
14 12 3.93720 12.94696 .00908 
14 15 1.43148 4.69142 .02510 
15 13 1.13994 3.74463 .03134 
15 14 1.43148 4.69142 .02510 
15 17 6.33419 20.96999 .02220 
15 19 7.07397 23.22620 .00505 
15 33 2.24595 7.35252 .01597 
16 12 2.86293 11.26266 .01070 
16 17 1.31605 5.22072 .02330 
17 15 6.33419 20.96999 .02220 
17 16 1.31605 5.22072 .02330 
17 18 4.55296 18.69304 .00649 
17 30 .00000 25.77320 .00000 
17 31 1.77685 5:85919 .01995 
17 113 9.22812 30.42350 .00384 
18 17 4.55296 18.69304 .00649 
18 19 4.62657 19.16722 .00571 
19 15 7.07397 23.22620• .00505 
19 18 4.62657 19.16722 .00571 
19 20 1.75928 8.16809 .01490 
19 34 1.12g04 3.70515 .031C-.0 
• 2G 19 1.75928 8.16E09 .01490 
2U 21 2.42612 11.i.L562 .D10;11 
a no, .. 20 2.42612 11.25562 .01080 
21 22 2.12273 9.85191 t01230 

























22 	23 	1.29297 	6.01120 	 .02020 
23 22 1.29297 6.01120 .02020 
23 	24 	5.18654 	18.90207 	•.024.90 
23 25 2.34821 12.04210 .04320 
23 	32 	2.21694 	8.06351, 	.05865 
24 23 5.18654 18.90207 .02490 
24 	70 	 .56853 	2.28892 	 .05099 
24 72 1.19615 -4.80422 .02440 
25 	23 	2.34821 	12.04210 	 .04320 
25 26 .00000 26.178u1 .00000 
25 	27 . 	1.15300 	5.91003 	 .08820 
26 25 .00000 26.17801 .00000 
26 	30 	1.07107 	11.52840 	 .45400 
97 7.5 1.15300 5.91003 .08820 
27 	28 	2.49212 	11.13831 	 .01080 
27 32 3.67892 12.12918 .00963 
27 	115 	2.84734 	12.86510 	 .00986 
28 27 2.49212 11.13831 .01080 
28 	29 	2.50683 	9.97442 	 .01190 
• 29 28 2.50f83 9.97442 .01190 
29 	31 	8.90905 	27.30460 	 .00415 
:0 	30 8 1.68443 19.69723 - .25700 
..: 30 	17 	 .00000, 	25.77320 	 .00000 
30 26 . 1.07107 11.52840 .45400 
30 	38 	1.57956 	18.38279 	 .21100 
31 17 1.77685 .5.85910 .01995 
31 	29 	8.90905 	27.30460 	 .00415 
31 32 2.81390 9.30097 .01255  
32 	23 	2.21694 	8.06351 	 .05865 
32 27 3.67892 12.12918 .00963  
-32 	31 	2.81390 	9.30097 	 .01255 
32 113 1.36693 4.51199 .02590  
32 	114 	3.43713. 	15.58168 	 .00814 
33 15 2.24595 7.35252 .01597  
33 	37 	1.89617 	6.48809 	 .01830 
34 19 1.12804 	3.70515 .03160  
34 	36 	10.96834 33.74872 	 .00284 
34 37 26.97190 	99.03744 .00492  
34 	43 	1.37835 5.61020 	 .02113 
35 36 20.53960 	93.52856 .00134  
35 	37 	4.24532 19.18112 	 .00659 
36 34 10.96834 	33.74872 .00284  
36 	35 	20.53960 93.52856 	 .00134 
37 33 1.89617 	6.48809 .01830  
37 	34 	26.97190 99.03744 	 .00492 
37 35' 4.24532 	19.18112 .00659  
37 	38 	 .00000 26.66667 	 .00000 
37 39 2.61690 	8.64149 .01350  
37 	40 	1.86828 5.29292 	 .02100 
38 30 1.57956 	18.38279 .21100  
38 	37 . 	.00000 26.66667 	 .00000 
38 65 .91909 	10.05800 .52300  
39 	37 	2.61690 8.64149 	 .01350 
39 46 4.6013? 	15.1295n .00776  
40 	37 	1.86828 5.29292 	 .02100 
40 39 4.60137 	15.12950 .00776  
40 	41 	5.81141 19.15763 	 .00611 
40 42 1.51767 	5.00420 .02330  
41 	40 	5.81141 19.15763 	 .00611 
41 42 2.05968 	• 	6.18187 .01720 	.. -- 
42 	1:0 	1.51767 5.00420 	 .02330 
42 	41 2.05968 	6.78187 .01720  
42 	49 .65332 	•2.95136 	 .04300 
42 49 	.65332 2.95136 .04300 
43 	34 	1.37835 	5.61020 	 .02113 
43 44 .95122 	3.83931 .03034 
44 43 .95122 3.83931 .03034 
44 .45 2.59868 10.45272 .01120 
45 44 2.59868 .10.45272 .01120 
45 46 2.00126 6.78429 .01660 
45 49 1.74159 4.73589 .02220 
46 45 2.00126 6.78429 .01660 
46 47 2.16241 7.22700 .01580 
46 48 1.52798 4.80512 .02360 
47 46 2.16241 7.22700 .01580 
47 49 4.47196 14.63337 .00802 
47 69 1.00123 3.29552 .03546 
48 46 1.52798 4.80512 .02360 
48 49 6.23550 17.59177 .00629 
49 42 .65332 2.95136 .04300 
49 42 .65332 2.95136 .04300 
49 45 1.74159 4.73589 .02220 
49 47 4.47196 14.63337 .00802 
49 48 6.23550 17.59177 .00629 
49 .50 4.19289 11.80918 .00937 
49 51 2.29994 6.48338 .01710• 
49 54 .82161 3.25267 .03690 
49 54 • ..94218 3.15507 .03650 
49 66 2.05254 10.47937 .01240 
49 66 2.05254 10.47937 .01240 
49 69 .85892 2.82530 .04140 
50 49 4.19289 11.80918 .00937 
50 57 2.34621 6.63276 .01660 
51 49 2.29994 6.48338 .01710 
51 52 5.24612 15.19564 .00698 
51 58 4.38155 12.35425 .00894 
52 51 5.24612 15.19564 .00698 
52 53 1.42744 5.76262 .02029 
53 52 1.42744 5.76262 .02029 
53 54 1.68853 7.83272 .01550 
54 49 .82161 3.25267 .03690 
54 49 .94218 3.15507 .03650 
54 53 1.68853 7.83272 .01550 
54 55 3.19827 13.37976 .01010 
54 56 27.84387 96.69411 .00366 
54 59 • .91274 4.16088 .02990 
55 54 3.19827 13.37976 .01010 
55 56 19.37858 59.96242 .00187 
55 59 .97080 4.42073 .02823 
56 54 27.84387 96.69417 .00366 
56 55 19.37858 59.96242 .00187 
56 57 3.26416 •9.19295 .01210 
56 58 3.26416 9.19295 .01210 
56 59 1.18183 3.59562 .02845 
56 59 1.26319 3.75969 .02680 
•57 50 2.34621 •6.63276 .01660 
57 56 3.26416 9.19295 .01210 
58 51 4. 38155 12.35425 .00894 
58 56 3.26416 9.19295 .01210 
59 54 .91274 4.1600.: .02990 
59 55 .97080 4.42073 .02823 
59 56 1.18183 3.59562 .02845 
59 56 1.26319 3.75969 .02680 
59 60 1.43895 6.58197 .01880 
59 61 1o39125 6.36245 .01940 
59 63 .00000 25.90674 .00000 
40 59 1.43895 6.58197 .01e30 
60 61 •13.95204 71.34567 .00723 
60 62 3.72397 17.00773 .00:34 
61 59 1.39125 6.36245 .01940 
61 60 13.95204 71.34567 .00728 




























61 	64 .00000 37.31343 .00000 
62 60 3.72897 17.00773 .00734 
62 	61 5.56134 25.37698 .00490 
62 66 .96695 4.37336 .02890 
62 	67 1.79733 8.15067 .01550 
63 59 .00000 25.90674 .00000 
63 	64 4.26843 49.63292 .10800 
64 61. .00000 37.31343 .00000 
64 	63 4.26843 49.63292 .10800 
64 65 2.92622 32.85194 .19000 
65 	38 .91909 10.05800 .52300 
65 64 2.92622 32.85194 .19000 
65 	66. .00000 27.02703 .00000 
65 68 5.35082 62.03849 .31900 
66 	49 2.05254 10.47937 .01240 
66 49 2:05254 10.47937 .01240 
66 	62 .96695 4.37336 .02890 
66 65 .00000 27.02703 .00000 
66 	67 2.07330 9.39466 .01341 
67 62 1.79733 8.15067 .01550 
67 	66 2.07330 9.39466 .01341 
68 65 5.35082 62.03849 :31900 
68 	69 .00000 27.02703 .00000 
68 81 4.25685 49.13616 .40400 
68 	116 20.58348 245.18559 .08200 
69 47 1.00123 3.29552 .03546 
69 	49 .85892 2.82530 .04140• 
69 68 .00000 27.02703• .00000 
69 	70 1.76170 7.45787 .06100 
69 75 2.45094 7.38309 .06200 
69 	77 2.76986 9.05358 .05190 
70 24 .56853 2.28892 .05099 
70 	69 1.76170 7.45787 .06100 
70 71 6.59172 26.53130 .00439 
70 	74 2.09824 6.92261 .01684 
70 75 1.97118 6.49385 .01800 
71 	70 6.59172 26.53130 .00439 
71 72 1.29692 5.23421 .02220 
71 	73 4.05401 21.25313 .00589 
72 24 1.19615 4.80422 .02440 
72 	71 1.29692 5.23421 .02220 
73 71 4.05401 21.25313 .00589 
74 	70 2.09824 6.92261 .01684 
74 75 6.83466 22.55994 .00517 
75 	69 2.45094 7.38309 .06200 
75 70 1.97118 •6.49385 .01800 
75 	74 6.83466 22.55994 .00517 
75 77 1.37933 4.58781 .02489 
75 	118 5.74517 19.05811 .00599 
76 77 1.85966 6.19886 .01840 
76 	118 5.08004 16.85087 .00678 
69 2.76986 9.05358 :05190 
77 	75 1.37933 4.58781 .02489 
77 76 1.85966 • 6.1985.... .01840 
77 	78 22.39460 73.85454 .00632 
77 80 6.43635 18.36252 .02360 
77 	80 2.47280 8.83143 .01140 
77 82 3.65011 10.44814 .04087 
7E 	77 22.39460 73.85454 .00632 
7t 79 8.73360 39.02928 .00324 
79 	ib 6.73360 39.02928 
---_-____- 79 80 	3.00023 13.53973 .00935 
80 ---77  1C.36252 .0236U 
63 	77 	2.47280 8.83143 .01140 
.00935 - CC 79 3.00028 13.53971 
80 	81 	 .00000 .27.02703 .00000 e"" 
80 	96 1.03514 5.29203 .02470 
80 97 2.02021 10.31081 .01270 
80 	9B 1.94596 8.83043 .01430 
80 99 1 ,002929 4.62951 .02730 
81 	68 4.25685 49.13616 .40400 
81 80 .00000 27.02703 .00000 
• 82 	77 3.65011 10.44814 .04087 
82 B3 7.62599 . 	24.95468 .01898 
82 	96 5.27440 17.255i5 .02720 
83 82 7.62599 24.95468 .01898 
83 	84 2.93011 6.16839 .01290 
83 85 1.81030 6.23079 .01740 
84 	83 2.93011 6.18839 .01290 
84 85 6.01492 12.76676 .00617 
85 	83 1.81030 6.23079 .01740 
85 84 6.01492 12.76676 .00617 
85 	86 2.14015 7.52110 .01380 
85 88 1.85117 9.44095 
85 	89 .78360 5.67209 .2::: 
86 .85 2.14015 7.52110 .01380 
86 	87 .64545 4.73359 .02225 
87 86 .64545 4.73359 .02225 
88 	85 1.85117 9.44095 .01380 
88 89 2.64125 13.52931 .00967 
1 89 	85 .78360 5.67209 .02350 
1 89 88 2.64125 13.52931 .00967 
89 	90 1.36218 4.94382 .02640 
6 89 90 2.26526 9.48934 .05300 
• 89 	92 3.73830 19.06912 .02740 
89 92 1.48078 5.95702 .02070 
90 	89 1.36218 4.94382 .02640 
i 90 89 2.26526' 9.48934 .05300 -.0 
90 	91 3.32717 10.95084 .01070 
91 90 3.32717 10.95084 .01070 
91 	.92 2.18922 7.19558 .01634 
92 89 3.73830 19.06912 .02740 
92 	89 1.48078 5.95702 .02070 
92 91 2.18922 7.19558 .01634 
92 	93 3.28383 10.79336 .01090 
92 94 1.76335 5.79230 .02030 
92 	100 .71034 3.23380 
9? 102 3.75446 17.06297 e 	4 :0132) .0 7 
93 	92 3.28383 10.79336 .01090 
93 94 3.80837 12.50100 .00938 
94 	92 1.76335 5.79230 .02030 
94 93 3.80837 12.50100 .00938 
94 	95 6.41462 21.09049 .00555 
94 96 3.25067 10.50123 .01150 
. 94 	100 4.83585 .15.75727 .03020 
95 94 6.41462 21.09049 .00555 
95 	96 5.20627 16.65398 .00737 
"'96 80 1.03514 5.29203' .02470 
96 	82 5.27440 17.2575 .02720 
96 94 3.25067 10.50123 .01150 
.1 96 	95 5.20627 16.65398 .00737 
96 97 2.12752 10.88355 .01200 
97 	80 2.02021 10.31081 .01270 
* 97 '96 2.12752 10.88355 .01200 
98 	BC 1.94596 8.83043 .01430 
../". 98 100 1.18015 5.32467 .02380 
99 	80 1.02029 4.62951 .02730 
_A?..___AQQ_. _2.59602 11.72536 ._-0'Qa0 
100 	92 .71034 3.23380 .03860 
4 10C 94 4.83585 15.75727 .03020 
100 	98 1.18095 5.32467 .02380 












100. 104 1.03322 4.67354 .02705 
100 106 1.07841 4.08191 .03100 
101 100 1.65931 7.55972 .01640 
101 102 1.87084 8.51765 .01470 
102 92 3.75446 17.06297 .00732 
102 101 1.87084 8.51765 .01470 
103 100 5.31164 17.42883 .02680 
103 104 1.70933 5.81vc6 .02035 
103 105 1.82790 5.55204 .02040 
103 110 1.13562 5.27106 .02305 
104 100 1.03322 4.67354 .02705 
104 103 1.70933 5.81026 .02035 
.104 105 6.50675 24.74399 .00493 
105 103 1.82790 5.55204 .02040 
105 1C4 6.50675 24.74399 .00493 
105 106 4.39134 17.15761 .00717 
105 107 1.46014 5.04160 .02360 
105 108 4.64140 12.50156 .00922 
106 100 1.07841 4.08191 .03100 
106 105 4.39134 17.15761 .00717 
106 107 1.46014 5.04160 .02360 
107 105 1.46014 5.04160 .02360 
107 106 1.46014 5.04160 .02360 
108 105 4.64140 •2.50156 	• .00922 
108 109 11.17390 30.64841 .00380 
109 108 11.17390 30.64841 .00380 
109 110 4.22539 11.58181 .01010 
110 103 1.13562 5.27106 .02305 
110 109 4.22539 11.58181 .01010 
11C, 111 3.55742 12.20843 .01000 
110 112 5.24852 13.59940 .03100 
111 110 3.55742 12.20843 .01000 
112 ILO 5.24852 13.59940 .03100 
113 17 9.22812 30.42350 .00384 
113 32 1.36693 4.51199 .02590 
114 32 3.43713 15.58168 .00814 
114 115 20.27325 91.67034 .00138 
115 27 2.84734 12.86510 .00986 
115 114 20.27325 91.67034 .00138 
116 68 20.58348 245.18559 .08200 
117 12 1.59072 6.76904 .01790 
118 75 5.74517 19.05811 .00599 
118 76 . 5.08004 16.85087 .00678 
THESE ADMITTANCES NRITTEN IN BINARY ON TAPE NO. 




IEEE 118 Bus Network 
FDLF Based Results 
D.1. Transmission line data 
Transformer data 
Shunt element data 
D.2. Bus oriented results 






X/R WC*Sbase Length R % R X 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 116.200 90.5 
BUS 9 BUS 10 .258 3.220 12.48 123.000 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 33.1 
BUS 5 BUS 11 2.030 6.820 3.36 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 35.2 
BUS 12 BUS 14 2.150 7.070 3.29 1.816  34.0 
BUS 13 BUS 15 7.440 24.440 3.28 6.268 117.8 
BUS 14 BUS 15 5.950 19.500 3.28 5.020 94.1 
BUS 12 BUS 16 2.120 8.340 3.93 2.140 36.2 
BUS 15 BUS 17 1.320 4.370 3.31 4.440 21.0 
BUS 16 BUS 17 4.540 18.010 3.97 4.660 77.9 
BUS 17 BUS 18 1.230 5.050 4.11 1.298 21.4 
BUS 18 BUS 19 1.190 4.930 4.14 1.142 20.8 
BUS 19 BUS 20 2.520 11.700 4.64 2.980 46.5 
BUS 15 BUS 19 1.200 3.940 3.28 1.010 19.0 
BUS 20 BUS 21 1.830 8.490 4.64 2.160 33.8 
BUS 21 BUS 22 2.090 9.700 4.64 2.460 38.6 
BUS 22 BUS 23 3.420 15.900 4.65 4.040 63.2 
BUS 23 BUS 24 1.350 4.920 3.64 4.980 22.3 
BUS 23 BUS 25 1.560 8.000 5.13 8.640 30.3 
BUS 25 BUS 27 3.180 16.300 5.13 17.640 61.7 
BUS 27 BUS 28 1.913 8.550 4.47 2.160 34.7 
BUS 28 BUS 29 2.370 9.430 3.98 2.380 40.7 
BUS 8 BUS 30 .431 5.040 11.69 51.400 154.3 
BUS 26 BUS 30 .799 8.600 10.76 90.800 274.2 
BUS 17 BUS 31 4.740 15.630 3.30 3.990 75.2 
BUS 29 BUS 31 1.080 3.310 3.06 .830 16.6 
BUS 23 BUS 32 3.170 11.530 3.64 11.730 52.3 
BUS 31 BUS 32 2.980 9.850 3.31 2.510 47.3 
BUS 27 BUS 32 2.290 7.550 3.30 1.926 36.3 
BUS 15 •' BUS 33 3.800 12.440 3.27 3.194 60.1 
BUS 19 BUS 34 7.520 24.700 3.28 6.320 119.0 
BUS 35 BUS 36 .224 1.020 4.55 .268 4.1 
BUS 35 BUS 37 1.100 4.970 4.52 1.318 20.0 
BUS 33 BUS 37 4.150 14.200 3.42 3.660 66.8 
BUS 34 BUS 36 .871 2.680 3.08 .568 13.4 
BUS 34 BUS 37 .256 .940 3.67 .984 4.2 
BUS 37 BUS 39 3.210 10.600 3.30 2.700 50.9 
BUS 37 BUS 40 5.930 16.800 2.83 4.200 88.7 
BUS 30 BUS 38 .464 5.400 11.64 42.200 165.7 
BUS 39 BUS 40 1.840 6.050 3.29 1.552 29.1 
NO NE R X X % X/R wC*Sbase Length .  
BUS 40 BUS 41 1.450 4.780 3.30 1.222 23.0 
BUS 40 BUS 42 5.550 18.300 3.30 4.660 88.0 
BUS 41 BUS 42 4.100 13.500 3.29 3.440 65.0 
BUS 43 BUS 44 6.080 24.540 4.04 6.068 105.1 
BUS 34 BUS 43 4.130 16.810 4.07 4.226 71.7 
BUS 44 BUS 45 2.240 9.010 4.02 2.240 38.7 
BUS 45 BUS 46 4.000 13.560 3.39 3.320 64.1 
BUS 46 BUS 47 3.800 12.700 3.34 3.160 60.6 
BUS 46 BUS 48 6.010 18.900 3.14 4.720 93.5 
BUS 47 BUS 49 1.910 6.250 3.27 1.604 30.2 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 45 BUS 49 6.840 18.600 2.72 4.440 100.8 
BUS 48 BUS 49 1.790 5.050 2.82 1.258 26.7 
BUS 49 BUS 50 2.670 7.520 2.82 1.874 39.8 
BUS 49 BUS 51 4.860 13.700 2.82 3.420 72.5 
BUS 51 BUS 52 2.030 5.880 2.90 1.396 30.6 
BUS 52 BUS 53 4.050 16.350 4.04 4.060 70.0 
BUS 53 BUS 54 2.630 12.200 4.64 2.100 48.5 
BUS 49 BUS 54 7.300 28.900 3.96 7.380 125.1 
BUS 49 BUS 54 8.690 29.100 3.35 7.300 138.6 
BUS 54 BUS 55 1.690 7.070 4.18 2.020 29.7 
BUS 54 BUS 56 .275 .955 3.47 .732 4.5 
BUS 55 BUS 56 .488 1.510 3.09 .374 7.5 
BUS 56 BUS 57 3.430 9.660 2.82 2.420 51.2 
BUS 50 BUS 57 4.740 13.400 2.83 3.320 70.8 
BUS 56 BUS 58 3.430 9.660 2.82 2.420 51.2 
BUS 51 BUS 58 2.550 7.190 2.82 1.788 38.1 
BUS 54 BUS 59 5.030 22.930 4.56 5.980 92.0 
BUS 56 BUS 59 8.250 25.100 3.04 5.690 126.7 
BUS 56 BUS 59 8.030 23.900 2.98 5.360 122.3 
BUS 55 BUS 59 4.739 21.580 4.55 5.646 86.7 
BUS 59 BUS 60 3.170 14.500 4.57 3.760 58.1 
BUS 59 BUS 61 3.280 15.000 4.57 3.880 60.1 
BUS 60 BUS 61 .264 1.350 5.11 1.456 • 5.1 
BUS 60 BUS 62 1.230 5.610 4.56 1.468 22.5 
BUS 61 BUS 62 .824 3.760 4.56 .980 15.1 
BUS 63 BUS 64 .172 2.000 11.63 21.600 61.4 
BUS 38 BUS 65 .901 9.860 10.94 104.600 311.8 
BUS 64 BUS 65 .269 3.020 11.23 38.000 94.3 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
BUS 62 BUS 66 4.820 21.800 4.52 5.980 87.9 
BUS 62 ,BUS 67 2.580 11.700 4.53 3.100 47.1 
BUS 66 BUS 67 2.240 10.150 4.53 2.682 40.9 
BUS 65 BUS 68 .138 1.600 11.59 63.800 49.2 
BUS 47 BUS 69 8.440 27.780 3.29 7.092 133.7 
BUS 49 BUS 69 9.850 32.400 3.29 8.280 156.0 
BUS 69 BUS 70 3.000 12.700 4.23 12.200 53.0 
BUS 24 BUS 70 10.221 41.150 4.03 10.200 176.5 
BUS 70 BUS 71 .882 3.550 4.02 .880 15.2 
BUS 24 BUS 72 4.880 19.600 4.02 4.880 84.2 
NO NE R X X % X/R wC*Sbase Length 
BUS 71 BUS 72 4.460 18.000 4.04 4.444 77.1 
BUS 71 BUS 73 .866 4.540 5.24 1.180 17.0 
BUS 70 BUS 74 4.010 13.230 3.30 3.368 63.6 
BUS 70 BUS 75 4.280 14.100 3.29 3.600 67.8 
BUS 69 BUS 75 4.050 12.200 3.01 12.400 62.0 
BUS 74 BUS 75 1.230 4.060 3.30 1.034 19.5 
BUS 76 BUS 77 4.440 14.800 3.33 3.680 70.7 
BUS 69 BUS 77 3.090 10.100 3.27 10.400 48.8 
BUS 75 BUS 77 6.010 19.990 3.33 5.000 95.6 
BUS 77 ATM 7R .376 1.240 3.30 1.264 6.0 
BUS 78 BUS 79 .546 2.440 4.47 .648 9.9 
BUS 77 BUS 80 1.700 4.850 2.85 4.720 25.5 
BUS 77 BUS 80 2.940 10.500 3.57 2.280 48.2 
BUS 79 BUS 80 1.560 7.040 4.51 1.870 28.4 
BUS 68 BUS 81 .175 2.020 11.54 80.800 62.2 
BUS 77 BUS 82 2.980 8.530 2.86 8.180 44.7 
BUS 82 BUS 83 1.120 3.665 3.27 3.800 17.7 
BUS 83 BUS 84 6.250 13.200 2.11 2.600 8.2 
BUS 83 BUS 85 4.300 14.800 3.44 3.480 69.4 
BUS 84 BUS 85 3.020 6.410 2.12 1.234 4.0 
BUS 85 BUS 86 3.500 12.300 3.51 2.760 57.0 
BUS 86 BUS 87 2.828 20.740 7.33 4.450 201.5 
BUS 85 BUS 88 2.000 10.200 5.10 2.760 38.7 
BUS 85 BUS 89 2.390 17.300 7.24 4.700 169.1 
BUS 88 BUS 89 1.390 7.120 5.12 1.934 27.0 
BUS 89 BUS 90 5.180 18.800 3.63 5.280 - 	85.5 
BUS 89 BUS 90 2.380 9.970 4.19 10.600 41.8 
BUS 90 BUS 91 2.540 8.360 3.29 2.140 40.2 
BUS 89 BUS 92 .990 5.050 5.10 5.480 19.2 
BUS 89 BUS 92 3.930 15.810 4.02 4.140 67.8 
BUS 91 BUS 92 3.870 12.720 3.29 3.268 61.3 
BUS 92 BUS 93 2.580 8.480 3.29 2.180 40.9 
BUS 92 BUS 94 4.810 15.800 3.28 4.060 76.1 
BUS 93 BUS 94 2.230 7.320 3.28 1.876 35.3 
BUS 94 BUS 95 1.320 4.340 3.29 1.110 20.9 
BUS 80 BUS 96 3.560 18.200 5.11 4.940 69.0 
BUS 82 BUS 96 1.620 5.300 3.27 5.440 25.6 
BUS 94 BUS 96 2.690 8.690 3.23 2.300 42.3 
BUS 80 BUS 97 1.830 9.340 5.10 2.540 35.4 
BUS 80 BUS 98 2.380 10.800 4.54 2.860 43.5 
BUS 80 BUS 99 4.540 20.600 4.54 5.460 82.9 
BUS 92 BUS 100 6.480 29.500 4.55 7.720 118.5 
BUS 94 BUS 100 1.780 5.800 3.26 6.040 28.1 
BUS 95 BUS 96 1.710 5.470 3.20 1.474 26.8 
BUS 96 BUS 97 1.730 8.850 5.12 2.400 33.5 
BUS 98 BUS 100 3.970 17.900 4.51 4.760 72.3 
BUS 99 BUS 100 1.800 8.130 4.52 2.160 32.8 
BUS 100 BUS 101 2.770 12.620 4.56 3.280 50.7 
BUS 92 BUS 102 1.230 5.590 4.54 1.464 22.5 
BUS 101 BUS 102 2.460 11.200 4.55 2.940 45.0 
BUS 100 BUS 103 1.600 5.250 3.28 5.360 25.3 
BUS 100 BUS 104 4.510 20.400 4.52 5.510 82.2 
NO NE R % R X X/R wC*Sbase Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 72.1 
BUS AUY nub 116 2.780 7.620 2.74 2.020 41.1 
BUS 110 BUS 111 2.200 7.550 3.43 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 6.200 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 29.9 
BUS 114 BUS 115 .230 1.040 4.52 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 16.400 12.3 
BUS 12 BUS 117 3.290 14.000 4.26 3.580 58.3 
BUS 75 BUS 118 1.450 4.810 3.32 1.200 23.0 
BUS 76 BUS 118 1.640 5.440 3.32 1.356 26.1 
Shunt Elements  
NO 	wC*Sbase 
BUS 5 	—40.000 
BUS 17 .000 
BUS 34 	14.000 
BUS 37 —25.000 
BUS 44 	10.000 
BUS 45 10.000 
BUS 4o 	10.000 
BUS 48 15.000 
BUS 74 	12.000 
BUS 79 20.000 
BUS 82 	20.000 
BUS 83 10.000 
BUS 105 	20.000 
BUS 107 6.000 
BUS 110 	6.000 
Time for input: 1.18 
Time for compact: 	.07 
Time for factorization: 	.07 
No. of iterations: 9 
Maximum mismatch (in pu): 5.6E-04 7.7E-04 
Time for solution: 	.10 
Execution time: 
S base : 100. 
14 , ,‘ 
1.42 
ve r voltage Generation ()Gain QGmax Load 
BUS 69 1.035 30.00 513.52 -82.38 
BUS 1 .955 .955 10.95 .00 -3.10 -5.00 15.00 51.00 27.00 
BUS 4 .998 .998 15.56 -9.00 -15.01 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 13.27 .00 15.93 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 21.02 -28.00 62.75 -300.00 300.00 .00 .00 
BUS 10 1.050 1.050 35.86 450.00 -51.04 -147.00 200.00 .00 .00 
BUS 12 .990 .990 12.47 85.00 91.27 -35.00 120.00 47.00 10.00 
BUS 15 .970 .970 11.46 .00 3.19 -10.00 30.00 90.00 30.00 
BUS 18 .973 .973 11.76 .00 25.36 -16.00 50.00 60.00 34.00 
BUS 19 .962 .963+ 11.28 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 21.06 -13.00 -13.76 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 28.15 220.00 49.79 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.93 314.00 9.89-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 15.58 -9.00 2.82 -300.00 300.00 62.00 13.00 
BUS 31 .967 .967 12.98 7.00 31.97 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 15.02 .00 -14.00 -14.00 42.00 59.00 23.00 
BUS 34 .984 .986+ 11.49 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 11.06 .00 -1.23 -8.00 24.00 31.00 17.00 
BUS 40 .970 .970 7.51 -46:00 26.89 -300.00 300.00 20.00 . 	23.00 
BUS 42 .985 .985 8.66 -59.00 41.00 -300.00 300.00 37.00 23.00 
BUS 46 1.005 1.005 18.57 19.00 -5.22 -100.00 100.00 28.00 10.00 
BUS 49 1.025 1.025 21.02 204.00 115.75 -85.00 210.00 87.00 30.00 
BUS 54 .955 .955 15.35 48.00 4.68 -300.00 300.00 113.00 32.00 
BUS 55 .952 .952 15.06 .00 4.66 -8.00 23.00 63.00 22.00 
BUS 56 .954 .954 15.24 .00 -2.23 -8.00 15.00 84.00 18.00 
BUS 59 .985 .985 19.45 155.00 76.83 -60.00 180.00 277.00 113.00 
BUS 61 .995 .995 24.12 160.00 -40.39 -100.00 300.00 .00 .00 
BUS 62 .998 .998 23.50 .00 1.16 -20.00 20.00 77.00 14.00 
BUS 65 1.005 1.005 27.72 391.00 80.86 -67.00 200.00 .00 .00 
1US 66 1.050 1.050 27.56 392.00 -2.06 -67.00 200.00 39.00 18.00 
1US 70 .984 .984 22.63 .00 8.14 -10.00 32.00 66.00 20.00 
1US 72 .980 .980 21.09 -12.00 -11.12 -100.00 100.00 .00 .00 
IUS 73 .991 .991 22.00 -6.00 9.65 -100.00 100.00 .00 .00 
IUS 74 .958 .958 21.68 .00 -5.64 -6.00 9.00 68.00 27.00 
IUS 76 .943 .943 21.81 .00 5.26 -8.00 23.00 68.00 36.00 
MS 77 1.006 1.006 26.76 .00 11.87 -20.00 70.00 61.00 28.00 
MS 80 1.040 1.040 29.00 477.00 105.00 -165.00 280.00 130.00 26.00 
an 85 .985 .985 32.55 .00 -5.81 -8.00 23.00 24.00 15.00 
MS 87 1.015 1.015 31.44 4.00 11.02 -100.00 1000.00 .00 .00 
MS 89 1.005 1.005 39.74 607.00 -12.55 -210.00 300.00 .00 .00 
MS 90 .985 .985 33.33 -85.00 59.30 -300.00 300.00 78.00 42.00 
US 91 .980 .980 33.35 -10.00 -15.07 -100.00 100.00 .00 .00 
US 92 .990 .993+ 33.85 .00 -3.00 -3.00 9.00 65.00 10.00 
US 99 1.010 1.010 27.08 -42.00 -17.54 -100.00 100.00 .00 .00 
US 100 1.017 1.017 28.08 252.00 108.08 -50.00 155.00 37.00 18.00 
BUS 103 1.010 1.001- 24.48 40.00 40.00 	-15.00 	40.00 23.00 16.00 
BUS 104 .971 .971 21.74 .00 5.60 -8.00 23.00 38.00 25.00 
BUS 105 .965 .966+ 20.62 .00 -8.00 	-8.00 	23.00 31.00 26.00 
BUS 107 .952 .952 17.58 -22.00 5.70 -200.00 200.00 28.00 12.00 
BUS 110 .973 .973 18.14 .00 4.81 	-8.00 	23.00 39.00 30.00 
BUS 111 .980 .980 19.78 36.00 -1.84 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 15.04 -43.00 41.51 -100.00 1000.00 25.00 13.00 
BUS 113 .993 .993 13.97 -6.00 6.31 -100.00 	200.00 .00 .00 
BUS 116 1.005 1.005 27.16 -184.00 51.32-1000.00 1000.00 .00 .00 
Bus Voltage Load 
BUS 2 .971 11.49 20.00 9.00 
BUS 3 .968 11.84 39.00 10.00 
BUS 5 1.002 16.00 .00 .00 
BUS 7 .989 12.83 19.00 2.00 
BUS 9 1.043 28.28 .00 .00 
BUS 11 .985 12.99 70.00 23.00 
BUS 13 .968 11.61 34.00 16.00 
BUS 14 .984 11.75 14.00 1.00 
BUS 16 .984 12.17 25.00 10.00 
BUS 17 .995 13.98 11.00 3.00 
BUS 20 .958 12.16 18.00 3.00 
BUS 21 .959 13.74 14.00 8.00 
BUS 22 .970 16.29 10.00 5.00 
BUS 23 1.000 21.21 7.00 3.00 
BUS 28 .962 13.85 17.00 7.00 
BUS 29 .963 12.86 24.00 4.00 
BUS 30 .986 19.01 .00 .00 
BUS 33 .972 10.84 23.00 9.00 
BUS 35 .981 11.06 33.00 9.00 
BUS 37 .992 11.95 .00 .00 
BUS 38 .962 17.09 .00 .00 
BUS 39 .970 8.58 27.00 11.00 
BUS 41 .967 7.07 37.00 10.00 
BUS 43 .978 11.44 18.00 7.00 
BUS 44 .985 13.93 16.00 8.00 
3US 45 .987 15.77 53.00 22.00 
BUS 47 1.017 20.80 34.00 .00 
IUS 48 1.021 20.02 20.00 11.00 
IUS 50 1.001 18.98 17.00 4.00 
BUS 51 .967 16.36 17.00 8.00 
BUS 52 .957 15.41 18.00 5.00 
BUS 53 .946 14.44 23.00 11.00 
BUS 57 .971 16.45 12.00 3.00 
IUS 58 .959 15.59 12.00 3.00 
IUS 60 .993 23.23 78.00 3.00 
IUS 63 .969 22.82 .00 .00 
IUS 64 .984 24.59 .00 .00 
MS 67 1.020 24.92 28.00 7.00 
IDS 68 1.003 27.60 .00 .00 
IUS 71 .987 22.21 .00 .00 
►US 75 .967 22.94 47.00 11.00 
IUS 78 1.003 26.45 71.00 26.00 
XS 79 1.009 26.75 39.00 32.00 
MS 81 .997 28.15 .00 .00 
MIS 82 i .989 27.28 54.00 27.00 
ITS 83 .985 28.47 20.00 10.00 
MS 84 .980 31.00 11.00 7.00 
MS 86 .987 31.18 21.00 10.00 
US 88 .987 35.68 48.00 10.00 
US 93 .987 30.84 12.00 7.00 
US 94 .991 28.69 30.00 16.00 
US 95 .981 27.72 42.00 31.00 
US 96 .993 27.55 38.00 15.00 
US 97 1.011 27.92 15.00 9.00 
US 98 1.024 27.45 34.00 8.00 
US 101 .993 29.65 22.00 15.00 
BUS 102 .991 	32.35 .5.00 3.00 
BUS 106 .962 20.37 43.00 16.00 
BUS 108 .967 	19.43 2.00 1.00 
BUS 109 .967 18.98 8.00 3.00 
BUS 114 .960 	14.69 8.00 3.00. 
BUS 115 .960 14.68 22.00 7.00 
BUS 117 .974 	10.93 20.00 8.00 
BUS 118 .949 21.95 33.00 15.00 
Power Generated: 3800.52 	791.41 
Power Demanded: 3668.00 1438.00 
System Lo2r!.e! 132,52 	—646.59 
Printout time: .57 
BUS 69 BUS 47 58.69 -10.07 
BUS 69 BUS 49 48.78 -12.06 
BUS 69 BUS 70 108.20 16.09 
BUS 69 BUS 75 109.91 20.50 
BUS 69 BUS 77 62.11 6.80 
BUS 69 BUS 68 125.84 -103.64 
Total: 513.52 -82.38 
BUS 1 BUS 2 -12.36 -13.04 
BUS I BUS 3 -38.64 -17.06 
Tro-Ai • -51.00 -30.10 
BUS 4 BUS 5 -103.21 -26.79 
BUS 4 BUS 11 64.21 -.21 
Total: -39.00 -27.01 
BUS 6 BUS 5 -87.53 -1.30 
BUS 6 BUS 7 35.53 -4.77 
Total: -52.00 -6.07 
BUS 8 BUS 9 -440.64 -89.73 
BUS 8 BUS 30 74.21 27.76 
BUS 8 BUS 5 338.42 124.72 
Total: -28.00 62.75 
BUS 10 BUS 9 450.00 -51.04 
Total: 450.00 -51.04 
BUS 12 BUS 11 -34.14 35.13 
BUS 12 BUS 2 32.74 19.42 
BUS 12 BUS 3 9.90 8.86 
BUS 12 BUS 7 -16.44 5.75 
BUS 12 BUS 14 18.28 2.63 
BUS 12 BUS 16 7.51 4.29 
BUS 12 BUS 117 20.15 5.20 
Total: 38.00 81.27 
BUS 15 BUS 13 -.74 -2.05 
BUS 15 BUS 14 -4.18 -7.84 
BUS 15 BUS 17 -103.66 -24.44 
BUS 15 BUS 19 11.40 12.39 
BUS 15 BUS 33 7.19 -4.87 
Total: -90.00 -26.81 
BUS 18 	BUS 17 -79.42 -22.48 
BUS 18 BUS 19 19.42 13.84 
Total: -60.00 -8.64 
BUS 19 	BUS 18 -19.35 -14.61 
BUS 19 BUS 20 -10.59 5.39 
BUS 19 	BUS 15 -11.36 -13.21 
BUS 19 BUS 34 -3.70 -10.57 
Total: -45.00 -33.00 
BUS 24 	BUS 23 -8.58 -15.53 
BUS 24 BUS 70 -5.64 -1.60 
BUS 24 	BUS 72 1.22 3.37 
Total: -13.00 -13.76 
BUS 25 	BUS 23 166.97 38.37 
BUS 25 BUS 27 143.48 30.06 
BUS 25 	BUS 26 -90.45 -18.63 
Total: 220.00 49.79 
BUS 26 	BUS 30 223.56 -11.70 
BUS 26 BUS 25 90.45 21.59 
Total: 314.00 9.89 
BUS 27 	BUS 25 -137.08 -15.27 
BUS 27 BUS 28 32.84 -.59 
BUS 27 	BUS 32 12.50 1.01 
BUS 27 BUS 115 20.74 4.66 
Total: -71.00 -10.18 
BUS 31 	BUS 17 -14.63 -14.74 
BUS 31 BUS 29 8.46 7.91 
BUS 31 	BUS 32 -29.83 11.80 
Total: -36.00 4.97 
BUS 32 	BUS 23 -90.12 -5.95 
BUS 32 BUS 31 30.17 -13.02 
BUS 32 	BUS 27 -12.46 -2.68 
BUS 32 BUS 113 4.06 -17.51 
BUS 32 	BUS 114 9.36 2.17 
Total: -59.00 -37.00 
BUS 34 	BUS 19 3.76 4.76 
BUS 34 BUS 36 30.42 11.48 
BUS 34 BUS 37 -94.59 -38.57 
BUS 34 BUS 43 1.40 1.93 
BUS 34 BUS 34 .00 -13.61 
Total: -59.00 -34.00 
BUS 36 BUS 35 -.67 -6.49 
BUS 36 BUS 34 -30.33 -11.74 
Total: -31.00 -18.23 
BUS 40 BUS 37 -42.91 2.20 
BUS 40 BUS 39 -26.80 6.97 
BUS 40 BUS 41 15.53 1.17 
BUS 40 BUS 42 -11.83 -6.45 
Total: -66.00 3.89 
BUS 42 BUS 40 11.92 2.30 
BUS 42 BUS 41 21.73 5.25 
BUS 42 BUS 49 -64.83 5.22 
BUS 42 BUS 49 -64.83 5.22 
Total: -96.00 18.00 
BUS 46 BUS 45 36.88 1.93 
BUS 46 BUS 47 -31.12 -1.22 
BUS 46 BUS 48 -14.76 -5.83 
BUS 46 BUS 46 .00 -10.10 
Total: -9.00 -15.22 
BUS 49 BUS . 47 9.57 9.28 
BUS 49 BUS 42 67.99 .37 
BUS 49 BUS 42 67.99 .37 
BUS 49 BUS 45 51.44 2.17 
BUS 49 BUS 48 35.11 -3.93 
BUS 49 BUS 50 53.67 13.43 
BUS 49 BUS 51 66.63 20.52 
BUS 49 BUS 54 37.77 13.07 
BUS 49 BUS 54 37.75 11.20 
BUS 49 BUS 66 -132.19 4.32 
BUS 49 BUS 66 - 132.19 4.32 
BUS 49 BUS 69 -46.54 10.65 
Total: 117.00 85.75 
BUS 54 BUS 53 12.73 3.77 
BUS 54 BUS 49 -36.58 -15.60 
BUS 54 BUS 49 -36.38 -13.79 
BUS 54 BUS 55 7.08 1.46 
BUS 54 BUS 56 18.54 4.34 
BUS 54 BUS 59 -30.38 -7.51 
Total: -65.00 -27.32 
BUS 55 BUS 54 -7.07 -3.25 
BUS 55 BUS 56 -21.42 -5.82 
BUS 55 BUS 59 -34.51 -8.26 
Total: -63.00 -17.34 
BUS 56 BUS 54 -18.53 -4.97 
BUS 56 BUS 55 21.45 5.56 
BUS 56 BUS 57 -22.99 -9.10 
BUS 56 JO -6.66 -3.63 
BUS 56 BUS 59 -27.96 -4.18 
BUS 56 BUS 59 -29.31 -3.91 
Total: -84.00 -20.23 
BUS 59 BUS 54 30.90 4.26 
BUS 59 BUS 56 28.67 .99 
BUS 59 BUS 56 30.07 1.13 
BUS 59 BUS 55 35.15 5.88 
BUS 59 BUS 60 -43.31 3.57 
BUS 59 BUS 61 -51.72 5.03 
BUS 59 BUS 63 -151.76 -57.03 
Total: -122.00 -36.17 
BUS 61 BUS 59 52.64 -4.63 
BUS 61 BUS 60 112.40 -8.23 
BUS 61 BUS 62 25.49 -13.86 
BUS 61 BUS 64 -30.52 -13.69 
Total: 160.00 -40.39 
BUS 62 BUS 60 9.89 5.74 
BUS 62 BUS 61 -25.42 13.20 
BUS 62 BUS 66 -37.17 -17.36 
BUS 62 BUS 67 -24.31 -14.41 
Total: -77.00 -12.84 
BUS 65 BUS 38 184.86 -9.04 
BUS 65 BUS 64 183.76 40.06 
BUS 65 BUS 68 13.91 -22.41 
BUS 65 BUS 66 8.48 72.25 
Total: 391.00 80.86 
BUS 66 BUS 49 135.19 8.33 
BUS 66 BUS 49 135.19 8.33 
BUS 66 BUS 62 37.93 14.56 
BUS 66 BUS 67 53.16 19.27 




BUS 70 	BUS 69 -104.77 -14.05 
BUS 70 BUS 24 5.69 -8.17 
BUS 70 	BUS 71 16.90 -12.44 
BUS 70 BUS 74 16.26 12.88 
BUS 70 	BUS 75 -.07 9.92 
Total: -66.00 -11.86 
BUS 72 	BUS 24 -1.20 -8.04 
BUS 72 BUS 71 -10.80 -3.08 
Total: -12.00 -11.12 
BUS 73 	BUS 71 -6.00 9.65 
Total: -6.00 9.65 
BUS 74 	BUS 70 -16.06 -15.41 
BUS 74 BUS 75 -51.94 -6.22 
BUS 74 	BUS 74 .00 -11.01 
Total: -68.00 -32.64 
BUS 76 	BUS 77 -61.14 -21.04 
BUS 76 BUS 118 -6.86 -9.69 
Total: -68.00 -30.74 
BUS 77 	BUS 76 63.20 24.39 
BUS 77 BUS 69 -60.95 -13.85 
BUS 77 	BUS 75 35.40 7.36 
BUS 77 BUS 78 45.39 6.61 
BUS 77 	BUS 80 -96.58 -37.41 
BUS 77 BUS 80 -44.37 -20.54 
BUS 77 	BUS 82 -3.08 17.30 
Total: -61.00 -16.13 
BUS 80 	BUS 77 98.36 37.53 
BUS 80 BUS 77 45.05 20.59 
BUS 80 	BUS 79 65.51 31.08 
BUS 80 BUS 96 18.92 20.82 
BUS 80 	BUS 97 26.38 25.51 
BUS 80 BUS 98 28.86 8.33 
BUS 80 	BUS 99 19.47 8.18 
BUS 80 BUS 81 44.44 -73.05 
Total: 347.00 79.00 
BUS 85 	BUS 83 
BUS 85 BUS 84 
BUS 85 	BUS 86 
BUS 85 BUS 88 













BUS 87 	BUS 86 4.00 11.02 
Total: 4.00 11.02 
BUS 89 	BUS 85 72.42 3.73 
BUS 89 BUS 88 100.26 7.70 
BUS 89 	BUS 90 58.17 -4.72 
BUS 89 BUS 90 110.73 -5.43 
BUS 89 	BUS 92 201.82 -7.19 
BUS 89 BUS 92 63.60 -6.68 
Total: 607.00 -12.58 
BUS 90 	BUS 89 -56.43 5.79 
BUS 90 BUS 89 -107.84 7.04 
BUS 90 	BUS 91 1.27 4.47 
Total: -163.00 17.30 
BUS 91 	BUS 90 -1.27 -6.50 
BUS 91 BUS 92 -8.74 -8.57 
Total: -10.00 - 15.08 
BUS 92 	BUS 89 - 197.83 22.10 
BUS 92 BUS 89 -62.02 8.91 
BUS 92 	BUS 91 8.79 5.56 
BUS 92 BUS 93 57.72 -10.63 
BUS 92 	BUS 94 52.27 -14.19 
BUS 92 BUS 100 31.45 -17.20 
BUS 92 	BUS 102 44.62 -7.56 
Total: -65.00 -13.00 
BUS 99 	BUS 80 -19.26 -12.96 
BUS 99 BUS 100 -22.74 -4.57 
Total: -42.00 -17.54 
BUS 100 	BUS 92 -30.68 12.90 
BUS 100 BUS 94 -3.87 44.33 
BUS 100 	BUS 98 5.37 -7.31 
BUS 100 BUS 99 22.83 2.78 
BUS 100 	BUS 101 -16.74 21.97 
BUS 100 	BUS 103 121.08 -4.33 
BUS 100 BUS 104 56.42 10.57 
BUS 100 	BUS 106 60.57 9.17 
Total: 214.98 90.07 
BUS 103 	BUS 100 -118.82 6.31 
BUS 103 BUS 104 32.31 7.94 
BUS 103 	BUS 105 42.95 6.56 
BUS 103 BUS 110 60.56 3.19 
Total: 17.00 24.00 
BUS 104 	BUS 100 -54.95 -9.38 
BUS 104 BUS 103 -31.78 -10.09 
BUS 104 	BUS 105 48.73 .06 
Total: -38.00 -19.41 
BUS 105 	BUS 103 -41.92 -7.39 
BUS 105 BUS 104 -48.48 -.04 
BUS 105 	BUS 106 8.68 4.55 
BUS 105 BUS 107 26.73 -1.85 
BUS 105 	BUS 108 23.99 -10.61 
BUS 105 BUS 105 .00 -18.66 
Total: -31.00 -34.00 
BUS 107 	BUS 105 -26.33 -1.09 
BUS 107 BUS 106 -23.67 .22 
BUS 107 	BUS 107 .00 -5.44 
Total: -50.00 -6.30 
BUS 110 	BUS 103 -59.11 -1.08 
BUS 110 BUS 109 -13.64 11.23 
BUS 110 	BUS 111 -35.70 .96 
BUS 110 BUS 112 69.46 -30.61 
BUS 110 	BUS 110 .00 -5.68 
Total: -39.00 -25.19 
BUS 111 	BUS 110 36.00 -1.84 
Total: 36.00 -1.84 
BUS 112 	BUS 110 -68.00 28.51 
Total: -68.00 28.51 
BUS 113 	BUS 17 -2.11 -6.78 
BUS 113 BUS 32 -3.89 13.09 
Total: -6.00 6.31 
BUS 116 	BUS 68 -184.00 51.32 
Total: -184.00 51.32 
BUS 2 	BUS 1 12.45 11.01 
BUS 2 BUS 12 -32.45 -20.01 
Total: -20.00 -9.00 
BUS 3 	BUS 1 38.89 16.89 
BUS 3 BUS 5 -68.10 -14.49 
BUS 3 	BUS 12 -9.79 -12.39 
Total: -39.00 -10.00 
BUS 5 	BUS 4 103.42 27.49 
BUS 5 BUS 3 69.34 17.28 
BUS 5 	BUS 6 88.46 4.11 
BUS 5 BUS 11 77.21 2.97 
BUS 5 	BUS 8 -338.42 -92.01 
BUS 5 BUS 5 .00 40.16 
Total: .00 .00 
BUS 7 	BUS 6 -35.47 4.50 
BUS 7 BUS 12 16.47 -6.50 
Total: -19.00 -2.00 
BUS 9 	BUS 8 445.26 24.43 
BUS 9 BUS 10 -445.26 -24.43 
Total: .00 .00 
BUS 11 	BUS 4 -63.35 • 	1.34 
BUS 11 BUS 5 -76.00 -.63 
BUS 11 	BUS 12 34.29 -35.13 
BUS 11 BUS 13 35.06 11.41 
Total: -70.00 -23.00 
BUS 13 	BUS 11 -34.74 -12.16 
BUS 13 BUS 15 .74 -3.84 
Total: -34.00 -16.00 
BUS 14 	BUS 12 -18.21 -4.15 
BUS 14 BUS 15 4.21 3.15 
Total: -14.00 -1.00 
BUS 16 	BUS 12 -7.49 -6.30 
BUS 16 BUS 17 -17.51 -3.70 
Total: -25.00 -10.00 
BUS 17 	BUS 15 105.24 25.37 
BUS 17 BUS 16 17.65 - .29 
BUS 17 	BUS 18 80.30 24.85 
BUS 17 tTT 	11 14.83 11.53 
BUS 17 	BUS 113 2.11 6.03 
BUS 17 BUS 30 -231.13 -70.50 
BUS 17 	BUS 17 .00 .00 
Total: -11.00 -3.00 
BUS 20 	BUS 19 10.63 -7.94 
BUS 20 BUS 21 -28.63 4.94 
Total: -18.00 -3.00 
BUS 21 	BUS 20 28.80 -6.13 
BUS 21 BUS 22 -42.80 -1.87 
Total: -14.00 -8.00 
BUS 22 	BUS 21 43.22 1.51 
BUS 22 BUS 23 -53.22 -6.51 
Total: -10.00 -5.00 
BUS 23 	BUS 22 54.26 7.42 
BUS 23 BUS 24 8.61 10.72 
BUS 23 	BUS 25 -162.76 -25.87 
BUS 23 BUS 32 92.89 4.73 
Total: -7.00 -3.00 
BUS 28 . 	 BUS 27 -32.62 -.44 
BUS 28 BUS 29 15.62 -6.56 
Total: -17.00 -7.00 
BUS 29 	BUS 28 -15.55 4.63 
BUS 29 BUS 31 -8.45 -8.63 
Total: -24.00 -4.00 
BUS 30 	BUS 8 -73.86 -75.07 
BUS 30 	BUS 26 -219.59 -36.42 
BUS 30 BUS 38 62.31 18.11 
BUS 30 	BUS 17 231.13 93.38 
Total: .00 .00 
BUS 33 	BUS 15 -7.16 1.94 
BUS 33 BUS 37 -15.84 -10.94 
Total: -23.00 -9.00 
BUS 35 	BUS 36 .67 6.24 
BUS 35 BUS 37 -33.67 -15.24 
Total: -33.00 -9.00 
BUS 37 	BUS 35 33.83 14.65 
BUS 37 BUS 33 15.98 7.92 
BUS 37 	BUS 34 94.86 38.61 
BUS 37 BUS 39 54.94 3.75 
BUS 37 	BUS 40 44.08 -2.93 
BUS 37 BUS 38 -243.69 -86.61 
BUS 37 	BUS 37 .00 24.60 
Total: .00 .00 
BUS 38 	BUS 30 -62.05 -55.15 
BUS 38 BUS 65 -181.64 -56.95 
BUS 38 	BUS 37 243.69 112.10 
Total: .00 .00 
BUS 39 	BUS 37 -53.95 -3.07 
BUS 39 BUS 40 26.95 -7.93 
Total: -27.00 -11.00 
BUS 41 	BUS 40 -15.49 -2.20 
BUS 41 BUS 42 -21.51 -7.80 
Total: -37.00 -10.00 
BUS 43 	BUS 44 -16.61 -1.02 
BUS 43 BUS 34 -1.39 -5.98 
Total: -18.00 -7.00 
BUS 44 	BUS 43 16.78 -4.11 
BUS 44 BUS 45 -32.78 5.81 
BUS 44 	BUS 44 .00 -9.70 
Total: -16.00 -8.00 
BUS 45 	BUS 44 33.04 -6.95 
BUS 45 BUS 46 -36.34 -3.37 
BUS 45 	BUS 49 -49.71 -1.94 
BUS 45 BUS 45 .00 -9.73 
Total: -53.00 -22.00 
BUS 47 	BUS 46 31.48 - .80 
BUS 47 BUS 49 -9.54 -10.84 
BUS 47 	BUS 69 -55.94 11.63 
Total: -34.00 .00 
BUS 48 	BUS 46 14.90 1.42 
BUS 48 BUS 49 -34.90 3.21 
BUS 48 	BUS 48 .00 -15.63 
Total: -20.00 -11.00 
BUS 50 	BUS 49 -52.88 -13.14 
BUS 50 BUS 57 35.88 9.14 
Total: -17.00 -4.00 
BUS 51 	BUS 49 -64.35 -17.47 
BUS 51 BUS 52 28.57 6.38 
BUS 51 	BUS 58 18.78 3.10 
Total: -17.00 -8.00 
BUS 52 	BUS 51 -28.38 -7.12 
BUS 52 BUS 53 10.38 2.12 
Total: -18.00 -5.00 
BUS 53 	BUS 52 -10.32 -5.58 
BUS 53 BUS 54 -12.68 -5.42 
Total: -23.00 -11.00 
BUS 57 	BUS 56 • 23.22 7.49 
BUS 57 BUS 50 -35.22 -10.49 
Total: -12.00 -3.00 
BUS 58 	BUS 56 6.68 1.47 
BUS 58 BUS 51 -18.68 -4.47 
Total: - 12.00 -3.00 
BUS 60 	BUS 59 
BUS 60 BUS 61 









BUS 63 	BUS 64 -151.76 -67.48 
BUS 63 BUS 59 151.76 67.48 
Total: .00 .00 
BUS 64 	BUS 63 152.24 52.51 
BUS 64 BUS 65 -182.76 -66.49 
BUS 64 	BUS 61 30.52 13.99 
Total: .00 .00 
BUS 67 	BUS 62 24.50 12.15 
BUS 67 BUS 66 -52.50 -19.15 
Total: -28.00 -7.00 
BUS 68 	BUS 65 -13.90 -41.87 
BUS 68 BUS 81 -44.38 -4.60 
BUS 68 	BUS 116 184.13 -66.35 
BUS 68 BUS 69 -125.84 112.82 
Total: .00 .00 
BUS 71 	BUS 70 -16.86 11.74 
BUS 71 BUS 72 10.85 -1.00 
BUS 71 	BUS 73 6.01 -10.74 
Total: .00 .00 
BUS 75 	BUS 70 .13 -13.15 
BUS 75 BUS 69 -105.06 -18.35 
BUS 75 	BUS 74 52.31 6.47 
BUS 75 BUS 77 -34.60 -9.57 
BUS 75 	BUS 118 40.22 23.59 
Total: -47.00 -11.00 
BUS 78 	BUS 77 -45.31 -7.63 
BUS 78 BUS 79 -25.69 -18.37 
Total: -71.00 -26.00 
BUS 79 	BUS 78 25.74 17.95 
BUS 79 BUS 80 -64.74 -29.58 
BUS 79 	BUS 79 .00 -20.37 
Total: -39.00 -32.00 
BUS 81 BUS 68 44.44 -75.55 
BUS 81 BUS 80 -44.44 75.55 
Total: .00 .00 
BUS 82 BUS 77 3.22 -25.04 
BUS 82 BUS 83 -47.09 24.51 
BUS 82 BUS 96 -10.13 -6.91 
BUS 82 BUS 82 .00 -19.55 
Total: -54.00 -27.00 
BUS 83 BUS 82 47.42 -27.12 
BUS 83 BUS 84 -24.72 14.73 
BUS 83 BUS 85 -42.70 12.08 
BUS 83 BUS 83 .00 -9.69 
Total: -20.00 -10.00 
BUS 84 BUS 83 25.28 -16.05 
BUS 84 BUS 85 -36.28 9.05 
Total: -11.00 -7.00 
BUS 86 BUS 85 -17.05 5.09 
BUS 86 BUS 87 -3.95 -15.09 
Total: -21.00 -10.00 
BUS 88 BUS 85 50.86 -7.52 
BUS 88 BUS 89 -98.86 -2.48 
Total: -48.00 -10.00 
BUS 93 BUS 92 -56.83 11.44 
BUS 93 BUS 94 44.84 -18.45 
Total: -11.99 -7.01 
BUS 94 BUS 92 -50.86 14.82 
BUS 94 BUS 93 -44.31 18.36 
BUS 94 BUS 95 40.99 9.38 
BUS 94 BUS 96 19.93 -9.41 
BUS 94 BUS 100 4.26 -49.14 
Total: -30.00 -16.01 
BUS 95 BUS 94 -40.75 -9.67 




BUS 96 	BUS 80 -18.62 -24.40 
BUS 96 BUS 82 10.15 1.64 
BUS 96 	BUS 94 -19.80 7.56 
BUS 96 BUS 95 1.33 20.14 
BUS 96 	BUS 97 -11.06 -19.94 
Total: -38.00 -15.00 
BUS 97 	• BUS 80 -26.14 -26.96 
BUS 97 BUS 96 11.14 17.96 
Total: -15.00 -9.00 
BUS 98 	BUS 80 -28.65 -10.45 
BUS 98 BUS 100 -5.35 2.45 
Total: -34.00 -8.00 
BUS 101 	BUS 100 16.96 -24.26 
BUS 101 BUS 102 -38.97 9.26 
Total: -22.00 -15.00 
BUS 102 	BUS 92 -44.36 7.27 
BUS 102 BUS 101 39.37 -10.29 
Total: -4.99 -3.02 
BUS 106 	BUS 100 -58.34 -6.78 
BUS 106 BUS 105 -8.66 -5.82 
BUS 106 	BUS 107 24.00 -3.40 
Total: -43.00 -16.00 
BUS 108 	BUS 105 -23.80 9.39 
BUS 108 BUS 109 21.81 -10.39 
Total: -2.00 -1.00 
1 
BUS 109 	BUS 108 -21.74 9.86 
BUS 109 BUS 110 13.74 -12.86 
Total: -8.00 -3.00 
BUS 114 	BUS 32 -9.34 -3.61 
BUS 114 BUS 115 1.34 .61 
Total: -8.00 -3.00 
BUS 115 	BUS 27 -20.66 -6.13 
BUS 115 BUS 114 -1.34 -.87 
Total: -22.00 -7.00 
BUS 117 	BUS 12 -20.00 -8.00 
Total: -20.00 -8.00 
BUS 118 	BUS 75 -39.88 -23.56 
BUS 118 BUS 76 6.88 8.56 
Total: -33.00 -15.00 
System losses: 	132.52 -646.68 
R*I**2,X*I**2: 132.52 	781.31 
Appendix E 
IEEE 14 Bus Network 
FDLF Based Results 
D.1. Transmission line data 
Transformer data 
Shunt stepped data 
D.2. Bus oriented results 






AIR wC*Sbase Length R X A I 
BUS 1 BUS 2 1.938 5.917 3.05 5.280 29.8 
BUS 1 BUS 5 5.403 22.304 4.13 4.920 94.4 
BUS 2 BUS 3 4.699 19.797 4.21 4.380 82.8 
BUS 2 BUS 4 5.811 17.632 3.03 3.740 89.2 
BUS 2 BUS 5 5.695 17.388 3.05 3.400 87.6 
BUS 3 BUS 4 6.701 17.103 2.55 3.460 96.6 
BUS 4 BUS 5 1.335 4.211 3.15 1.280 20.8 
BUS 6 BUS 11 9.498 19.890 2.09 12.4 
BUS 6 BUS 12 12.291 25.581 2.08 16.1 
BUS 6 BUS 13 6.615 13.027 1.97 8.4 
BUS 7 BUS 8 .000 17.615 
BUS 7 BUS 9 .000 11.001 
BUS 9 BUS 10 3.181 8.450 2.66 46.5 
BUS 9 BUS 14 12.711 27.038 2.13 16.8 
BUS 10 BUS 11 8.205 19.207 2.34 11.4 
BUS 12 BUS 13 22.092 19.988 .90 20.5 




NE R X X X Tap 
BUS 4 BUS 7 .000 20.912 .978 
BUS 4 BUS 9 .000 55.618 .969 
BUS 5 BUS 6 .000 25.202 .932 
Shunt Elements  
.NO 	wC*Sbase 
BUS 9 	19.000 
Time for input: 	.09 
Time for compact: .01 
Time for factorization: 	.00 
io. of iterations: 4 
Laximum mismatch (in pu): 8.4E-04 1.3E-04 
Time for solution: 	.01 
:xecution time: 	.10 
base : 100. 
Bus 	Vsp 	Voltage 	 Generation QGmin QGmax 	Load 
US 1 1.060 .00 232.38 -16.89 
US 2 1.045 1.045 -4.98 40.00 42.39 -40.00 50.00 21.70 12.70 
US 3 1.010 1.010 -12.72 .00 23.39 .00 40.00 94.20 19.00 
US 6 1.070 1.070 -14.22 .00 12.24 -6.00 24.00 11.20 7.50 
US 8 1.090 1.090 -13.37 .00 17.36 -6.00 24.00 .00 .00 
Bus Voltage Load 
BUS 4 1.019 -10.32 47.80 -3.90 
BUS 5 1.020 -8.78 7.60 1.60 
BUS 7 1.062 -13.37 .00 .00 
BUS 9 1.056 -14.95 29.50 16.60 
BUS 10 1.051 -15.10 9.00 3.80 
BUS 11 1.057 -14.80 3.50 1.80 
BUS 12 1.055 -15.08 6.10 1.60 
BUS 13 1.050 -15.16 13.50 5.80 
BUS 14 1.036 -16.04 14.90 5.00 
'over Generated: 272.38 78.50 
'ower Demanded: 259.00 73.50 
iystem Losses: 13.38 5.00 
'rintout time: .07 
*BUS 1 BUS 2 156.83 -20.39 
BUS 1 BUS 3 75.55 3.50 
Total: 232.38 -16.89 
BUS 2 BUS 1 -152.33 27.65 
BUS 2 BUS 3 73.19 3.57 
BUS 2 BUS 4 56.14 -2.29 
BUS 2 BUS 5 41.51 .76 
Total: 18.30 29.69 
BUS 3 BUS 2 -70.87 1.58 
BUS 3 BUS 4 -23.33 2.81 
Total: -94.20 4.39 
BUS 6 BUS 11 7.34 3.47 
BUS 6 BUS 12 7.78 2.49 
BUS 6 BUS 13 17.74 7.17 
BUS 6 BUS 5 -44.06 -8.40 
Total: -11.20 4.74 
BUS 8 BUS 7 .00 17.36 
Total: .00 17.36 
BUS 4 BUS 2 -34.46 3.39 
BUS 4 BUS 3 23.70 -5.42 
BUS 4 BUS 5 -61.22 15.67 
BUS 4 BUS 7 28.09 -9.42 
BUS 4 BUS 9 16.09 -.32 
Total: -47.80 3.90 
BUS 5 BUS 1 -72.79 2.58 
BUS 5 BUS 2 -40.61 -1.63 
BUS 5 BUS 4 61.73 -15.37 
BUS 5 BUS 6 44.06 12.82 
Total: -7.61 -1.60 
BUS 7 BUS 8 .00 -16.91 
BUS 7 BUS 9 28.09 5.80 
BUS 7 BUS 4 -28.09 11.11 
Total: .00 .00 
BUS 9 BUS 7 -28.09 -5.00 
BUS 9 BUS 10 5.24 4.31 
9 BUS 14 9.44 3.67 
9 BUS 4 -16.09 1.62 
9 BUS 9 .00 -21.20 
Total: -29.50 -16.60 
10 BUS 9 -5.23 -4.27 
10 BUS 11 -3.77 -1.53 
Total: -9.00 -5.80 
11 BUS 6 -7.29 -3.36 
11 BUS 10 3.79 1.56 
Total: -3.50 -1.80 
12 BUS 6 -7.71 -2.34 
12 BUS 13 1.61 .74 
Total: -6.10 -1.60 
13 BUS 6 -17.53 -6.75 
13 BUS 12 -1.60 -.74 
13 BUS 14 5.63 1.69 
Total: -13.50 -5.80 
14 BUS 9 -9.32 -3.42 
14 BUS 13 -5.58 -1.58 
Total: -14.90 -5.00 
em Iosses: 	13.39 	5.00 
Appendix F 
250 Bus Network 
Updated Line Values 
NO NE R X X/R wC wCcomp wCset Length 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 3.122 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 1.328 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 .209 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 2.843 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 1.412 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 .544 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 116.200 48.536 48.536* 90.5 
BUS 9 BUS 10 .258 3.220 12.48 123.000 51.278 51.278* 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 2.152 1.748 33.1 
BUS 5 bUS ii 2.030 6.820 3.36 1.738 2.108 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 .613 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 1.926 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 4.993 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 .959 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 2.290 1.876 35.2 
BUS 12 BUS 14 2.150 7.070 3.29 1.816 2.213 1.816 34.0 
BUS 13 BUS 15 7.440 24.440 3.28 6.268 7.656 6.268 117.8 



















BUS 16 BUS 17 4.540 18.010 3.97 4.660 5.061 4.660 77.9 
BUS 17 BUS 18 1.230 5.050 4.11 1.298 1.393 1.298 21.4 
BUS 18 BUS 19 1.190 4.930 4.14 1.142 1.353 1.142 20.8 
BUS 19 BUS 20 2.520 11.700 4.64 . 	2.980 3.024 2.980 46.5 
BUS 15 BUS 19 1.200 3.940 3.28 1.010 1.235 1.010 19.0 
BUS 20 BUS 21 1.830 8.490 4.64 2.160 2.195 2.160 33.8 
BUS 21 BUS 22 2.090 9.700 4.64 2.460 2.507 2.460 38.6 
BUS 22 BUS 23 3.420 15.900 4.65 4.040 4.107 4.040 63.2 



















BUS 27 BUS 28 1.913 8.550 4.47 2.160 2.254 2.160 34.7 
BUS 28 BUS 29 2.370 9.430 3.98 2.380 2.646 2.380 40.7 
BUS 8 BUS 30 .431 5.040 11.69 51.400 82.752 51.400 154.3 
BUS 26 BUS 30 .799 8.600 10.76 90.800 147.030 90.800 274.2 
BUS 17 BUS 31 4.740 15.630 3.30 3.990 4.885 3.990 75.2 
BUS 29 BUS 31 1.080 3.310 3.06 .830 1.081 .830 16.6 

















BUS 15 BUS 33 3.800 12.440 3.27 3.194 3.905 3.194 60.1 
BUS 19 BUS 34 7.520 24.700 3.28 6.320 7.738 6.320 119.0 
BUS 35 BUS 36 .224 1.020 4.55 .268 .266 .268 4.1 
BUS 35 /BUS 37 1.100 4.970 4.52 1.318 1.303 1.318 20.0 
BUS 33 BUS 37 4.150 14.200 3.42 3.660 4.342 3.660 66.8 
BUS 34 BUS 36 .871 2.680 3.08 .568 .873 .568 13.4 
BUS 34 BUS 37 .256 .940 3.67 .984 .276 .276* 4.2 
BUS 37 BUS 39 3.210 10.600 3.30 2.700 3.310 2.700 50.9 



















NO NE R X X/R wC wCcomp wCset 
BUS 40 BUS 41 1.450 4.780 3.30 1.222 1.494 1.222 
BUS 40 BUS 42 5.550 18.300 3.30 4.660 5.720 4.660 
BUS 41 BUS 42 4.100 13.500 3.29 3.440 4.223 3.440 
BUS 43 BUS 44 6.080 24.540 4.04 6.068 6.831 6.068 
BUS 34 BUS 43 4.130 16.810 4.07 4.226 4.658 4.226 















BUS 46 BUS 48 6.010 18.900 3.14 4.720 6.078 4.720 
BUS 47 BUS 49 1.910 6.250 3.27 1.604 1.962 1.604 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 8.467 8.600 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 8.467 8.600 
BUS 45 BUS 49 6.840 18.600 2.72 4.440 6.551 100.8 4.440 
BUS 48 BUS 49 1.790 5.050 2.82 1.258 1.737 1.258 
BUS 49 BUS 50 2.670 7.520 2.82 1.874 2.590 1.874 
BUS 49 BUS 51 4.860 13.700 2.82 3.420 4.716 3.420 
BUS 51 BUS 52 2.030 5.880 2.90 1.396 1.990 • 	1.396 
BUS 52 BUS 53 4.050 16.350 4.04 4.060 4.551 4.060 
BUS 53 BUS 54 2.630 12.200 4.64 2.100 3.155 2.100 
BUS 49 BUS 54 7.300 28.900 3.96 7.380 8.131 7.380 
BUS 49 BUS 54 8.690 29.100 3.35 7.300 9.012 7.300 

















BUS 56 BUS 57 3.430 9.660 2.82 2.420 3.327 2.420 
BUS 50 BUS 57 4.740 13.400 2.83 3.320 4.604 3.320 
BUS 56 BUS 58 3.430 9.660 2.82 2.420 3.327 2.420 
BUS 51 BUS 58 2.550 7.190 2.82 1.788 2.475 1.788 
BUS 54 BUS 59 5.030 22.930 4.56 5.980 5.982 5.980 
BUS 56 BUS 59 8.250 25.100 3.04 5.690 8.237 5.690 
BUS 56 BUS 59 8.030 23.900 2.98 5.360 7.951 5.360 
BUS 55 BUS 59 4.739 21.580 4.55 5.646 5.633 5.646 
BUS 59 BUS 60 3.170 14.500 4.57 3.760 3.776 3.760 
BUS 59 BUS 61 3.280 15.000 4.57 3.880 3.907 3.880 
BUS 60 BUS 61 .264 1.350 5.11 1.456 .332 .332* 
BUS 60 BUS 62 1.230 5.610 4.56 1.468 1.463 1.468 
BUS 61 BUS 62 .824 3.760 4.56 .980 .980 .980 
BUS 63 BUS 64 .172 2.000 11.63 21.600 32.927 21.600 	' 
BUS 38 BUS 65 .901 9.860 10.94 104.600 167.190 104.600 
BUS 64 BUS 65 .269 3.020 11.23 38.000 50.570 38.000 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 2.265 2.480 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 2.265 2.480 
BUS 62 BUS 66 4.820 21.800 4.52 5.980 5.711 5.980 
BUS 62 BUS 67 2.580 11.700 4.53 3.100 3.061 3.100 
BUS 66 'BUS 67 2.240 10.150 4.53 2.682 2.656 2.682 
BUS 65 BUS 68 .138 1.600 11.59 63.800 26.378 26.378* 
BUS 47 BUS 69 8.440 27.780 3.29 7.092 8.692 7.092 
BUS 49 BUS 69 9.850 32.400 3.29 8.280 10.141 8.280 
-BUS 69 BUS 70 3.000 12.700 4.23 12.200 3.445 3.445* 
BUS 24 BUS 70 10.221 41.150 4.03 10.200 11.471 10.200 
BUS 70 BUS 71 .882 3.550 4.02 .880 .990 .880 



















































NO NE R X X/R wC wCcomp wCaet Length 
BUS 71 BUS 72 4.460 18.000 4.04 4.444 5.011 4.444 77.1 
BUS 71 BUS 73 .866 4.540 5.24 1.180 1.105 1.180 17.0 
BUS 70 BUS 74 4.010 13.230 3.30 3.368 4.133 3.368 63.6 
BUS 70 BUS 75 4.280 14.100 3.29 3.600 4.409 3.600 67.8 
BUS 69 BUS 75 4.050 12.200 3.01 12.400 4.028 4.028* 62.0 
BUS 74 BUS 75 1.230 4.060 3.30 1.034 1.268 1.034 19.5 
BUS 76 BUS 77 4.440 14.800 3.33 3.680 4.596 3.680 70.7 
BUS 69 BUS 77 3.090 10.100 3.27 10.400 3.173 3.173* 48.8 
BUS 75 BUS 77 6.010 19.990 3.33 5.000 6.215 5.000 95.6 
BUS 77 BUS 78 .376 1.240 3.30 1.264 .388 .388* 6.0 
BUS 7S !".S 79 .546 2.440 4.47 .648 .643 .648 9.9 
BUS 77 BUS 80 1.700 4.850 2.85 4.720 1.657 1.657* 25.5 
BUS 77 BUS 80 2.940 10.500 3.57 2.280 3.131 2.280 48.2 
BUS 79 BUS 80 1.560 7.040 4.51 1.870 1.846 1.870 28.4 
BUS 68 BUS 81 .175 2.020 11.54 80.800 33.373 33.373* 62.2 
BUS 77 BUS 82 2.980 8.530 2.86 8.180 2.908 2.908* 44.7 
BUS 82 BUS 83 1.120 3.665 3.27 3.800 1.151 1.151* 17.7 
BUS 83 BUS 84 5.180 13.200 2.55 2.600 4.850 2.600 74.6 
BUS 83 BUS 85 4.300 14.800 3.44 3.480 4.510 3.480 69.4 
BUS 84 BUS 85 2.510 6.410 2.55 1.234 2.352 1.234 36.2 
BUS 85 BUS 86 3.500 12.300 3.51 2.760 3.703 2.760 57.0 
BUS 86 BUS 87 2.828 20.740 7.33 4.450 35.892 35.892*• 201.5 
BUS 85 BUS 88 2.000 10.200 5.10 2.760 2.515 2.760 38.7 
BUS 85 BUS 89 2.390 17.300 7.24 4.700 30.120 30.120* 169.1 
BUS 88 BUS 89 1.390 7.120 5.12 1.934 1.752 1.934 27.0 
BUS 89 BUS 90 5.180 18.800 3.63 5.280 5.555 5.280 85.5 
BUS 89 BUS 90 2.380 9.970 4.19 10.600 2.720 2.720* 41.8 
BUS 90 BUS 91 2.540 8.360 3.29 2.140 2.616 2.140 40.2 
BUS 89 BUS 92 .990 5.050 5.10 5.480 1.245 1.245* 19.2 
BUS 89 BUS 92 3.930 15.810 4.02 4.140 4.409 4.140 67.8 
BUS 91 BUS 92 3.870 12.720 3.29 3.268 3.983 3.268 61.3 
BUS 92 BUS 93 2.580 8.480 3.29 2.180 2.655 2.180 40.9 
BUS 92 BUS 94 4.810 15.800 3.28 4.060 4.949 4.060 76.1 
BUS 93 BUS 94 2.230 7.320 3.28 1.876 2.294 1.876 35.3 
BUS 94 BUS 95 1.320 4.340 3.29 1.110 1.359 1.110 20.9 
BUS 80 BUS 96 3.560 18.200 5.11 4.940 4.482 4.940 69.0 
BUS 82 BUS 96 1.620 5.300 3.27 5.440 1.664 1.664* 25.6 
BUS 94 BUS 96 2.690 8.690 3.23 2.300 2.750 2.300 42.3 
BUS 80 BUS 97 1.830 9.340 5.10 2.540 2.302 2.540 35.4 
BUS 80 BUS 98 2.380 10.800 4.54 2.860 2.824 2.860 43.5 
BUS 80 BUS 99 4.540 20.600 4.54 5.460 5.388 5.460 82.9 
BUS 92 BUS 100 6.480 29.500 4.55 7.720 7.702 7.720 118.5 
BUS 94 BUS 100 1.780 5.800 3.26 6.040 1.826 1.826* 28.1 
BUS 95 BUS 96 1.710 5.470 3.20 1.474 1.741 1.474 26.8 
BUS 96 ,BUS 97 1.730 8.850 5.12 2.400 2.179 2.400 33.5 
BUS 98 BUS 100 3.970 17.900 4.51 4.760 4.697 4.760 72.3 
BUS 99 BUS 100 1.800 8.130 4.52 2.160 2.131 2.160 32.8 
BUS 100 BUS 101 2.770 12.620 4.56 3.280 3.294 3.280 50.7 
BUS 92 BUS 102 1.230 5.590 4.54 1.464 1.461 22.5 
BUS 101 BUS 102 2.460 11.200 4.55 2.940 2.924 1:::: 45.0 
BUS 100 BUS 103 1.600 5.250 3.28 5.360 1.646 1.646* 25.3 
BUS 100 BUS 104 4.510 20.400 4.52 5.510 5.344 5.510 82.2 
NO . NE R X X/R wC wCcomp wCset Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 4.862 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 5.338 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 6.606 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 1.088 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 1.550 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 5.566 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 2.491 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 5.566 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 1.009 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 4.686 4.710 72.1 
BUS iii; ;U.; 113 2.780 7.620 2.74 2.020 2.670 2.020 41.1 
BUS 110 BUS 111 2.200 7.550 3.43 2.000 2.304 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 6.200 2.326 2.326* 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 .941 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 6.341 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 1.601 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 1.942 1.972 29.9 
BUS 114 BUS 115 .230 1.040 4.52 .276 .272 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 16.400 6.592 6.592* 12.3 
BUS 12 BUS 117 3.290 14.000 4.26 3.580 3.787 3.580 58.3 
BUS 75 BUS 118 1.450 4.810 3.32 1.200 1.498 1.200 23.0 
BUS 76 BUS 118 1.640 5.440 3.32 1.356 1.694 1.356 26.1 
A 1 A 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
A 1 A 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
A 2 A 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
A 3 A 4 1.320 3.790 2.87 .420 1.289 1.289* ' 19.8 
A 2 A 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
A 2 A 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
A 4 A 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
A 5 A 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
A 6 A 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
A 6 A 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
A 6 A 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
A 8 A 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
A 9 A 11 .000 20.800 
A 9 A 10 .000 11.000 
A 12 A 13 .000 14.000 
A 12 A 14 12.310 25.590 2.08 16.1 
A 12 A 15 6.620 13.040 1.97 8.4 
A 12 A 16 9.450 19.870 2.10 12.4 
A 14 A 15 9.650 19.970 2.07 12.6 
A 16 A 17 8.240 19.320 2.34 11.5 
A 15 A 18 10.700 21.850 2.04 13.8 
A 18 A 19 6.390 12.920 2.02 8.2 
A 19 /A 20 3.400 6.800 2.00 4.4 
A 10 A 20 9.360 20.900 2.23 12.7 
A 10 A 17 3.240 6.800 2.10 4.2 
A 10 A 21 3.480 7.490 2.15 4.6 
A 10 A 22 7.270 14.990 2.06 9.4 
A 21 A 22 1.160 2.360 2.03 1.5 
A 15 A 23 10.000 20.200 2.02 12.9 
A 22 A 24 11.500 17.900 1.56 13.1 
NO NE R X X/R wC wCcomp vCset Length 
A 23 A 24 13.200 27.000 2.05 17.1 
A 24 A 25 18.850 32.920 1.75 22.6 
A 25 A 26 20.540 38.000 1.85 25.3 
A 25 A 27 10.930 20.870 1.91 13.7 
A 27 A 29 21.980 41.530 1.89 27.4 
A 27 A 30 32.020 60.270 1.88 39.8 
A 29 A 30 23.990 45.330 1.89 29.9 
A 1 BUS 48 4.600 17.680 3.84 2.140 5.057 2.140 77.8 
A 8 BUS 40 1.250 4.620 3.70 .480 1.351 .480 20.8 
A 2 BUS 45 2.600 8.100 3.12 .820 2.620 2.620* 40.3 
A 28 BUS 42 2.110 6.850 3.25 1.890 2.161 1.890 33.2 
A 5 BUS 44 1.900 5.600 2.95 2.600 1.874 2.600 28.8 
B 1 B 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
B 1 B 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
B 2 B 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
B 3 B 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
B 2 B 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
B 2 B 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
B 4 B 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
B 5 B 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
B 6 B 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
B 6 B 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
B 6 B 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
B 8 B 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
B 9 B 11 .000 20.800 
B 9 B 10 .000 11.000 
B 12 B 13 .000 14.000 
B 12 B 14 12.310 25.590 2.08 16.1 
B 12 B 15 6.620 13.040 1.97 8.4 
B 12 B 16 9.450 19.870 2.10 12.4 
B 14 B 15 9.650 19.970 2.07 12.6 
B 16 B.17 8.240 19.320 2.34 11.5 
B 15 B 18 10.700 21.850 2.04 13.8 
B 18 B 19 6.390 12.920 2.02 8.2 
B 19 B 20 3.400 6.800 2.00 4.4 
B 10 B 20 9.360 20.900 2.23 12.7 
B 10 B 17 3.240 6.800 2.10 4.2 
B 10 B 21 3.480 7.490 2.15 4.6 
B 10 B 22 7.270 14.990 2.06 9.4 
B 21 B 22 1.160 2.360 2.03 1.5 
B 15 B 23 10.000 20.200 2.02 12.9 
B 22 B 24 11.500 17.900 1.56 13.1 
B 23 B 24 13.200 27.000 2.05 17.1 
B 24 B 25 18.850 32.920 1.75 22.6 
B 25 AB 26 20.540 38.000 1.85 25.3 
B 25 B 27 10.930 20.870 1.91 13.7 
B 27 B 29 21.980 41.530 1.89 27.4 
B 27 B 30 32.020 60.270 1.88 39.8 
B 29 B 30 23.990 45.330 1.89 29.9 
B 1 BUS 20 1.300 4.800 3.69 .520 1.404 .520 21.6 
B 4 BUS 21 2.500 8.200 3.28 .750 2.571 2.571* 39.6 
B 8 BUS 22 2.300 7.900 3.43 .600 2.410 2.410* 37.1 
NO NE R X X/R wC vCcomp wCset Length 
B 28 BUS 32 4.800 17.800 3.71 2.150 5.195 2.150 79.9 
C 1 C 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
C 1 C 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
C 2 C 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
C 3 C 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
C 2 C 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
C 2 C 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
C 4 C 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
C 5 C 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
C 6 C 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
C 6 C 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
C 6 C 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
C 8 C 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
C 9 C 11 .000 20.800 
C 9 C 10 .000 11.000 
C 12 C 13 .000 14.000 
C 12 C 14 12.310 25.590 2.08 16.1 
C 12 C 15 6.620 13.040 1.97 8.4 
C 12 C 16 9.450 19.870 2.10 12.4 
C 14 C 15 9.650 19.970 2.07 12.6 
C 16 C 17 8.240 19.320 2.34 11.5 
C 15 C 18 10.700 21.850 2.04 13.8 
C 18 ' C 19 6.390 12.920 2.02 8.2 
C 19 C 20 3.400 6.800 2.00 4.4 
C 10 C 20 9.360 20.900 2.23 12.7 
C 10 C 17 3.240 6.800 2.10 4.2 
C 10 C 21 3.480 7.490 2.15 4.6 
C 10 C 22 7.270 14.990 2.06 9.4 
C 21 C 22 1.160 2.360 2.03 1.5 
C 15 C 23 10.000 20.200 2.02 12.9 
C 22 C 24 11.500 17.900 1.56 13.1 
C 23 C 24 13.200 27.000 2.05 17.1 
C 24 C 25 18.850 32.920 1.75 22.6 
C 25 C 26 20.540 38.000 1.85 25.3 
C 25 C 27 . 10.930 20.870 1.91 13.7 
C 27 C 29 21.980 41.530 1.89 27.4 
C 27 C 30 32.020 60.270 1.88 39.8 
C 29 C 30 23.990 45.330 1.89 29.9 
C 28 BUS 82 1.250 4.580 3.66 .450 1.346 .450 20.7 
C 8 BUS 83 1.300 4.650 3.58 .520 1.385 .520 21.3 
C 5 BUS 85 1.500 4.820 3.21 .550 1.530 .550 23.5 
C 2 BUS 89 4.600 17.200 3.74 2.150 4.996 2.150 76.9 
C 1 BUS 92 2.000 7.200 3.60 1.160 2.137 1.160 32.9 
C 4 BUS 95 1.800 6.200 3.44 .950 1.888 .950 29.1 
D 1 'D 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
D 1 D 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
D 2 D 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
D 3 D 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
D 2 D 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
D 2 D 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
D 4 D 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
D 5 D 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
NO NE R A AIR wC wCcomp wCset Length 
E 2 BUS 97 2.200 8.000 3.64 1.200 2.361 1.200 36.3 
E 5 BUS 90 2.300 7.500 3.26 1.150 2.360 1.150 36.3 
Appendix G 
250 Bus Network 
FDLF Based Results 
Low Load Case 
G.1 Transmission Line Data 
Transformer Data 
Shunt Element Data 
G.2 Bus Oriented Results 






X/R WC*Sbase Length R % X Z 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 48.536 90.5 
BUS 9 BUS 10 .258 3.220 12.48 51.278 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 33.1 
BUS 5 BUS 11 2.030 6.820 3.36 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 35.2 
BUS 12 BUS 14 2.150 7.070 3.29 1.816 34.0 
BUS 13 BUS 15 7.440 24.440 3.28 6.268 117.8 
BUS 14 BUS 15 5.950 19.500 3.28 5.020 94.1 
BUS 12 BUS 16 2.120 8.340 3.93 2.140 36.2 
BUS 15 BUS 17 1.320 4.370 3.31 1.363 21.0 
BUS 16 BUS 17 4.540 18.010 3.97 4.660 77.9 
BUS 17 BUS 18 1.230 5.050 4.11 1.298 21.4 
BUS 18 BUS 19 1.190 4.930 4.14 1.142 20.8 
BUS 19 BUS 20 2.520 11.700 4.64 2.980 46.5 
BUS 15 BUS 19 1.200 3.940 3.28 1.010 19.0 
BUS 20 BUS 21 1.830 8.490 4.64 2.160 33.8 
BUS 21 BUS 22 2.090 9.700 4.64 2.460 38.6 
BUS 22 BUS 23 3.420 15.900 4.65 4.040 63.2 
BUS 23 BUS 24 1.350 4.920 3.64 1.450 22.3 
BUS 23 BUS 25 1.560 8.000 5.13 1.967 30.3 
BUS 25 BUS 27 3.180 16.300 5.13 4.009 61.7 
BUS 27 BUS 28 1.913 8.550 4.47 2.160 34.7 
BUS 28 BUS 29 2.370 9.430 3.98 2.380 40.7 
BUS 8 BUS 30 .431 5.040 11.69 51.400 154.3 
BUS 26 BUS 30 .799 8.600 10.76 90.800 274.2 
BUS 17 BUS 31 4.740 15.630 3.30 3.990 75.2 
BUS 29 BUS 31 1.080 3.310 3.06 .830 16.6 
BUS 23 BUS 32 3.170 11.530 3.64 3.402 52.3 
BUS 31 BUS 32 2.980 9.850 3.31 2.510 47.3 
BUS 27 BUS 32 2.290 7.550 3.30 1.926 36.3 
BUS 15 BUS 33 3.800 12.440 3.27 3.194 60.1 
BUS 19 'BUS 34 7.520 24.700 3.28 6.320 119.0 
BUS 35 BUS 36 .224 1.020 4.55 .268 4.1 
BUS 35 BUS 37 1.100 4.970 4.52 1.318 20.0. 
BUS 33 BUS 37 4.150 14.200 3.42 3.660 66.8 
BUS 34 BUS 36 .871 2.680 3.08 .568 13.4 
BUS 34 BUS 37 .256 .940 3.67 .276 4.2 
BUS 37 BUS 39 3.210 10.600 3.30 2.700 50.9 
BUS 37 BUS 40 5.930 16.800 2.83 4.200 88.7 
BUS 30 BUS 38 .464 5.400 11.64 42.200 165.7 
.BUS 39 BUS 40 1.840 6.050 3.29 1.552 29.1 
NO NE R % X % X/R wC*Sbase Length 
BUS 40 BUS 41 1.450 4.780 3.30 1.222 23.0 
BUS 40 BUS 42 5.550 18.300 3.30 4.660 88.0 
BUS 41 BUS 42 4.100 13.500 3.29 3.440 65.0 
BUS 43 BUS 44 6.080 24.540 4.04 6.068 105.1 
BUS 34 BUS 43 4.130 16.810 4.07 4.226 71.7 
BUS 44 BUS 45 2.240 9.010 4.02 2.240 38.7 
BUS 45 BUS 46 4.000 13.560 3.39 3.320 64.1 
BUS 46 BUS 47 3.800 12.700 3.34 3.160 60.6 
BUS 46 BUS 48 6.010 18.900 3.14 4.720 93.5 
BUS 47 BUS 49 1.910 6.250 3.27 1.604 30.2 
BUS 42 bUb 4Y 7.150 32.300 4.52 8.600 130.3 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 45 BUS 49 6.840 18.600 2.72 4.440 100.8 
BUS 48 BUS 49 1.790 5.050 2.82 1.258 26.7 
BUS 49 BUS 50 2.670 7.520 2.82 1.874 39.8 
BUS 49 BUS 51 4.860 13.700 2.82 3.420 72.5 
BUS 51 BUS 52 2.030 5.880 2.90 1.396 30.6 
BUS 52 BUS 53 4.050 16.350 4.04 4.060 70.0 
BUS 53 BUS 54 2.630 12.200 4.64 2.100 48.5 
BUS 49 BUS 54 7.300 28.900 3.96. 7.380 125.1 
BUS 49 BUS 54 8.690 29.100 3.35 7.300 138.6 
BUS 54 BUS 55 1.690 7.070 4.18 2.020 29.7 
BUS 54 BUS 56 .275 .955 3.47 .289 4.5 
BUS 55 BUS 56 .488 1.510 3.09 .374 7.5 
BUS 56 BUS 57 3.430 9.660 2.82 2.420 51.2 
BUS 50 BUS 57 4.740 13.400 2.83 3.320 70.8 
BUS 56 BUS 58 3.430 9.660 2.82. 2.420 51.2 
BUS 51 BUS 58 2.550 7.190 2.82 1.788 38.1 
BUS 54 BUS 59 5.030 22.930 4.56 5.980 92.0 
BUS 56 BUS 59 8.250 25.100 3.04 5.690 126.7 
BUS 56 BUS 59 8.030 23.900 2.98 5.360 122.3 
BUS 55 BUS 59 4.739 21.580 4.55 5.646 86.7 
BUS 59 BUS 60 3.170 14.500 4.57 3.760 58.1 
BUS 59 BUS 61 3.280 15.000 4.57 3.880 60.1 
BUS 60 BUS 61 .264 1.350 5.11 .332 5.1 
BUS 60 BUS 62 1.230 5.610 4.56 1.468 22.5 
BUS 61 BUS 62 .824 3.760 4.56 .980 15.1 
BUS 63 BUS 64 .172 2.000 11.63 21.600 61.4 
BUS 38 BUS 65 .901 9.860 10.94 104.600 311.8 
BUS 64 BUS 65 .269 3.020 11.23 38.000 94.3 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
BUS 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
BUS 62 BUS 66 4.820 21.800 4.52 5.980 87.9 
BUS 62 BUS 67 2.580 11.700 4.53 3.100 47.1 
BUS 66 f BUS 67 2.240 10.150 4.53 2.682 40.9 
BUS 65 BUS 68 .138 1.600 11.59 26.378 49.2 
BUS 47 BUS 69 8.440 27.780 3.29 7.092 133.7 
BUS 49 BUS 69 9.850 32.400 3.29 8.280 156.0 
BUS 69 BUS 70 3.000 12.700 4.23 3.445 53.0 
BUS 24 BUS 70 10.221 41.150 4.03 10.200 176.5 
BUS 70 BUS 71 .882 3.550 4.02 .880 15.2 
BUS 24 BUS 72 4.880 19.600 4.02 4.880 84.2 
NO NE R % X % X/R wC*Sbase Length 
BUS 71 BUS 72 4.460 18.000 4.04 4.444 77.1 
BUS 71 BUS 73 .866 4.540 5.24 1.180 17.0 
BUS 70 BUS 74 4.010 13.230 3.30 3.368 63.6 
BUS 70 BUS 75 4.280 14.100 3.29 3.600 67.8 
BUS 69 BUS 75 4.050 12.200 3.01 4.028 62.0 
BUS 74 BUS 75 1.230 4.060 3.30 1.034 19.5 
BUS 76 BUS 77 4.440 14.800 3.33 3.680 70.7 
BUS 69 BUS 77 3.090 10.100 3.27 3.173 48.8 
BUS 75 BUS 77 6.010 19.990 3.33 5.000 95.6 
BUS 77 BUS 78 .376 1.240 3.30 .388 6.0 
BUS 78 BUS 79 .546 2.440 4.47 .648 9.9 
BUS 77 BUS 80 1.700 4.850 2.85 1.657 25.5 
BUS 77 BUS 80 2.940 10.500 3.57 2.280 48.2 
BUS 79 BUS 80 1.560 7.040 4.51 1.870 28.4 
BUS 68 BUS 81 .175 2.020 11.54 33.373 62.2 
BUS 77 BUS 82 2.980 8.530 2.86 2.910 44.7 
BUS 82 BUS 83 1.120 3.665 3.27 1.151 17.7 
BUS 83 BUS 84 5.180 13.200 2.55 2.600 74.6 
BUS 83 BUS 85 4.300 14.800 3.44 3.480 69.4 
BUS 84 BUS 85 2.510 6.410 2.55 1.234 36.2 
BUS 85 BUS 86 3.500 12.300 3.51 2.760 57.0 
BUS 86 BUS 87 2.828 20.740 7.33 35.892 201.5 
BUS 85 BUS 88 2.000 10.200 5.10 2.760 38.7 
BUS 85 BUS 89 2.390 17.300 7.24 30.120 169.1 
BUS 88 BUS 89 1.390 7.120 5.12 1.934 27.0 
BUS 89 BUS 90 5.180 18.800 3.63 5.280 85.5 
BUS 89 BUS 90 2.380 9.970 4.19 2.720 41.8 
BUS 90 BUS 91 2.540 8.360 3.29 2.140 40.2 
BUS 89 BUS 92 .990 5.050 5.10 1.245 19.2 
BUS 89 BUS 92 3.930 15.810 4.02 4.140 67.8 
BUS 91 BUS 92 3.870 12.720 3.29 3.268 61.3 
BUS 92 BUS 93 2.580 8.480 3.29 2.180 40.9 
BUS 92 BUS 94 4.810 15.800 3.28 4.060 76.1 
BUS 93 BUS 94 2.230 7.320 3.28 1.876 35.3 
BUS 94 BUS 95 1.320 4.340 3.29 1.110 20.9 
BUS 80 BUS 96 3.560 18.200 5.11 4.940 69.0 
BUS 82 BUS 96 1.620 5.300 3.27 1.664 25.6 
BUS 94 BUS 96 2.690 8.690 3.23 2.300 42.3 
BUS 80 BUS 97 1.830 9.340 5.10 2.540 35.4 
BUS 80 BUS 98 2.380 10.800 4.54 2.860 43.5 
BUS 80 BUS 99 4.540 20.600 4.54 5.460 82.9 
BUS 92 BUS 100 6.480 29.500 4.55 7.720 118.5 
BUS 94 BUS 100 1.780 5.800 3.26 1.826 28.1 
BUS 95 BUS 96 1.710 5.470 3.20 1.474 26.8 
BUS 96 'BUS 97 1.730 8.850 5.12 2.400 33.5 
BUS 98 BUS 100 3.970 17.900 4.51 4.760 72.3 
BUS 99 BUS 100 1.800 8.130 4.52 1.646 32.8 
BUS 100 BUS 101 2.770 12.620 4.56 3.280 50.7 
BUS 92 BUS 102 1.230 5.590 4.54 1.464 22.5 
BUS 101 BUS 102 2.460 11.200 4.55 2.940 45.0 
BUS 100 BUS 103 1.600 5.250 3.28 1.646 25.3 
BUS 100 BUS 104 4.510 20.400 4.52 5.510 82.2 
NO NE R % X % X/R WC*Sbase Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 72.1 
BUS 109 BUS 11U 2.780 7.620 2.74 2.020 41.1 
BUS 110 BUS 111 2.200 7.550 3.43 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 2.326 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 29.9 
BUS 114 BUS 115 .230 1.040 4.52 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 6.592 12.3 
BUS 12 BUS 117 3.290 14.000 4.26 3.580 58.3 
BUS 75 BUS 118 1.450 4.810 3.32 1.200 23.0 
BUS 76 BUS 118 1.640 5.440 3.32 1.356 26.1 
A 1 A 2 1.920 5.750 2.99 2.640 29.3 
A 1 A 3 4.520 18.520 4.10 2.040 78.7 
A 2 A 4 5.700 17.370 3.05 5.695 87.6 
A 3 A 4 1.320 3.790 2.87 1.289 19.8 
A 2 A 5 4.720 19.830 4.20 2.090 83.1 
A 2 A 6 5.810 17.630 3.03 5.795 89.2 
A 4 A 6 1.190 4.140 3.48 .450 19.3 
A 5 A 7 4.600 13.800 3.00 4.568 70.3 
A 6 A 7 2.670 8.200 3.07 2.676 41.2 
A 6 A 8 1.200 4.200 3.50 .450 19.5 
A 6 A 28 1.690 5.990 3.54 .650 27.6 
A 8 A 28 6.360 20.000 3.14 2.140 99.0 
A 9 A 11 .000 20.800 
A 9 A 10 .000 11.000 
A 12 A 13 .000 14.000 
A 12 A 14 12.310 25.590 2.08 16.1 
A 12 A 15 6.620 13.040 1.97 8.4 
A 12 A 16 9.450 19.870 2.10 12.4 
A 14 A 15 9.650 19.970 2.07 12.6 
A 16 A 17 8.240 19.320 2.34 11.5 
A 15 A 18 10.700 21.850 2.04 13.8 
A 18 A 19 6.390 12.920 2.02 8.2 
A 19 'A 20 3.400 6.800 2.00 4.4 
A 10 A 20 9.360 20.900 2.23 12.7 
A 10 A 17 3.240 6.800 2.10 4.2 
A 10 A 21 3.480 7.490 2.15 4.6 
A 10 A 22 7.270 14.990 2.06 9.4 
A 21 A 22 1.160 2.360 2.03 1.5 
A 15 A 23 10.000 20.200 2.02 12.9 
A 22 A 24 11.500 17.900 1.56 13.1 
NO NE R % • X % X/R wC*Sbase Length 
A 23 A 24 13.200 27.000 2.05 17.1 
A 24 A 25 18.850 32.920 1.75 22.6 
A 25 A 26 20.540 38.000 1.85 25.3 
A 25 A 27 10.930 20.870 1.91 13.7 
A 27 A 29 21.980 41.530 1.89 27.4 
A 27 A 30 32.020 60.270 1.88 39.8 
A 29 A 30 23.990 45.330 1.89 29.9 
A 1 BUS 48 4.600 17.680 3.84 2.140 77.8 
A 8 BUS 40 1.250 4.620 3.70 .480 20.8 
A 2 BUS 45 2.600 8.100 3.12 2.620 40.3 
A 28 BUS 42 2.110 6.850 3.25 1.890 33.2 
A 5 BUS 44 1.900 5.600 2.95 2.600 28.8 
B 1 B 2 1.920 5.750 2.99 2.640 29.3 
B 1 B 3 4.520 18.520 4.10 2.040 78.7 
B 2 B 4 5.700 17.370 3.05 5.695 87.6 
B 3 B 4 1.320 3.790 2.87 1.289 19.8 
B 2 B 5 4.720 19.830 4.20 2.090 83.1 
B 2 B 6 5.810 17.630 3.03 5.795 89.2 
B 4 B 6 1.190 4.140 3.48 .450 19.3 
B 5 B 7 4.600 13.800 3.00 4.568 70.3 
B 6 B 7 2.670 8.200 3.07 2.676 41.2 
B 6 B 8 1.200 4.200 3.50 .450 19.5 
B 6 B 28 1.690 5.990 3.54 .650 27.6 
B 8 B 28 6.360 20.000 3.14 2.140 99.0 
B 9 B 11 .000 20.800 
B 9 B 10 .000 11.000 
B 12 B 13 .000 14.000 
B 12 B 14 12.310 25.590 2.08 16.1 
B 12 B 15 6.620 13.040 1.97 8.4 
B 12 B 16 9.450 19.870 2.10 12.4 
B 14 B 15 9.650 19.970 2.07 12.6 
B 16 B 17 8.240 19.320 2.34 11.5 
B 15 B 18 10.700 21.850 2.04 13.8 
B 18 B 19 6.390 12.920 2.02 8.2 
B 19 B 20 3.400 6.800 2.00 4.4 
B 10 B 20 9.360 20.900 2.23 12.7 
B 10 B 17 3.240 6.800 2.10 4.2 
B 10 B 21 3.480 7.490 2.15 4.6 
B 10 B 22 7.270 14.990 2.06 9.4 
B 21 B 22 1.160 2.360 2.03 1.5 
B 15 B 23 10.000 20.200 2.02 12.9 
B 22 B 24 11.500 17.900 1.56 13.1 
B 23 B 24 13.200 27.000 2.05 17.1 
B 24 B 25 18.850 32.920 1.75 22.6 
B 25 'B 26 20.540 38.000 1.85 25.3 
B 25 B 27 10.930 20.870 1.91 13.7 
B 27 B 29 21.980 41.530 1.89 27.4 
B 27 B 30 32.020 60.270 1.88 39.8 
B 29 B 30 23.990 45.330 1.89 29.9 
B 1 BUS 20 1.300 4.800 3.69 .520 21.6 
B 4 BUS 21 2.500 8.200 3.28 2.571 39.6 
B 8 BUS 22 2.300 7.900 3.43 2.410 37.1 
NO NE R X R X X/R wC*Sbase Length 
B 28 BUS 32 4.800 17.800 3.71 2.150 79.9 
C 1 C 2 1.920 5.750 2.99 2.640 29.3 
C 1 C 3 4.520 18.520 4.10 2.040 78.7 
C 2 C 4 5.700 17.370 3.05 5.695 87.6 
C 3 C 4 1.320 3.790 2.87 1.289 19.8 
C 2 C 5 4.720 19.830 4.20 2.090 83.1 
C 2 C 6 5.810 17.630 3.03 5.795 89.2 
C 4 C 6 1.190 4.140 3.48 .450 19.3 
C 5 C 7 4.600 13.800 3.00 4.568 70.3 
C 6 C 7 2.670 8.200 3.07 2.676 41.2 
C 6 C 8 1.200 4.200 3.50 .450 19.5 
C 6 C 28 1.690 5.990 3.54 .650 27.6 
C 8 C 28 6.360 20.000 3.14 2.140 99.0 
C 9 C 11 .000 20.800 
C 9 C 10 .000 11.000 
C 12 C 13 .000 14.000 
C 12 C 14 12.310 25.590 2.08 16.1 
C 12 C 15 6.620 13.040 1.97 8.4 
C 12 C 16 9.450 19.870 2.10 12.4 
C 14 C 15 9.650 19.970 2.07 12.6 
C 16 C 17 8.240 19.320 2.34 11.5 
C 15 C 18 10.700 21.850 2.04 13.8 
C 18 C 19 6.390 12.920 2.02 8.2 
C 19 C 20 3.400 6.800 2.00 4.4 
C 10 C 20 9.360 20.900 2.23 12.7 
C 10 C 17 3.240 6.800 2.10 4.2 
C 10 C 21 3.480 7.490 2.15 4.6 
C 10 C 22 7.270 14.990 2.06 9.4 
C 21 C 22 1.160 2.360 2.03 1.5 
C 15 C 23 10.000 20.200 2.02 12.9 
C 22 C 24 11.500 17.900 1.56 13.1 
C 23 C 24 13.200 27.000 2.05 17.1 
C 24 C 25 18.850 32.920 1.75 22.6 
C 25 C 26 20.540 38.000 1.85 25.3 
C 25 C 27 10.930 20.870 1.91 13.7 
C 27 C 29 21.980 41.530 1.89 27.4 
C 27 C 30 32.020 60.270 1.88 39.8 
C 29 C 30 23.990 45.330 1.89 29.9 
C 28 BUS 82 1.250 4.580 3.66 .450 20.7 
C 8 BUS 83 1.300 4.650 3.58 .520 21.3 
C 5 BUS 85 1.500 4.820 3.21 .550 23.5 
C 2 BUS 89 4.600 17.200 3.74 2.150 76.9 
C 1 BUS 92 2.000 7.200 3.60 1.160 32.9 
C 4 BUS 95 1.800 6.200 3.44 .950 29.1 
D 1 ' D 2 1.920 5.750 2.99 2.640 29.3 
D 1 D 3 4.520 18.520 4.10 2.040 78.7 
D 2 D 4 5.700 17.370 3.05 5.695 87.6 
D 3 D 4 1.320 3.790 2.87 1.289 19.8 
D 2 D 5 4.720 19.830 4.20 2.090 83.1 
D 2 D 6 5.810 17.630 3.03 5.795 89.2 
D 4 D 6 1.190 4.140 3.48 .450 19.3 
D 5 D 7 4.600 13.800 3.00 4.568 70.3 
NO NE R X X % X/R wC*Sbase Length 
D 6 D 7 2.670 8.200 3.07 2.676 41.2 
D 6 D 8 1.200 4.200 3.50 .450 19.5 
D 6 D 28 1.690 5.990 3.54 .650 27.6 
D 8 D 28 6.360 20.000 3.14 2.140 99.0 
D 9 D 11 .000 20.800 
D 9 D 10 .000 11.000 
D 12 D 13 .000 14.000 
D 12 D 14 12.310 25.590 2.08 16.1 
D 12 D 15 6.620 13.040 1.97 8.4 
D 12 D 16 9.450 19.870 2.10 12.4 
D 14 D 15 9.650 19.970 2.07 12.6 
D 16 D 17 8.240 19.320 2.34 11.5 
D 15 D 18 10.700 21.850 2.04 13.8 
D 18 D 19 6.390 12.920 2.02 8.2 
D 19 D 20 3.400 6.800 2.00 4.4 
D 10 D 20 9.360 20.900 2.23 12.7 
D 10 D 17 3.240 6.800 2.10 4.2 
D 10 D 21 3.480 7.490 2.15 4.6 
D 10 D 22 7.270 14.990 2.06 9.4 
D 21 D 22 1.160 2.360 2.03 1.5 
D 15 D 23 10.000 20.200 2.02 12.9 
D 22 D 24 11.500 17.900 i.56 13.1 
D 23 D 24 13.200 27.000 2.05 17.1 
D 24 D 25 18.850 32.920 1.75 22.6 
D 25 D 26 20.540 38.000 1.85 25.3 
D 25 D 27 	• 10.930 20.870 1.91 13.7 
D 27 D 29 21.980 41.530 1.89 27.4 
D 27 D 30 32.020 60.270 1.88 39.8 
D 29 D 30 23.990 45.330 1.89 29.9 
D 1 BUS 56 1.150 4.200 3.65 1.237 19.0 
D 4 BUS 51 4.600 15.200 3.30 2.200 73.0 
D 5 BUS 66 2.200 7.150 3.25 1.200 34.7 
D 8 BUS 67 2.300 7.500 3.26 1.150 36.3 
D 28 BUS 59 6.200 21.000 3.39 3.150 99.4 
E 1 E 2 1.938 5.917 3.05 1.938 29.8 
E 1 E 5 5.403 22.304 4.13 4.920 94.4 
E 2 E 3 4.699 19.797 4.21 4.380 82.8 
£ 2 E 4 5.811 17.632 3.03 3.740 89.2 
E 2 E 5 5.695 17.388 3.05 3.400 87.6 
E 3 £ 4 6.701 17.103 2.55 3.460 96.6 
E 4 E 5 1.335 4.211 3.15 1.280 20.8 
E 6 E 11 9.498 19.890 2.09 12.4 
E 6 E 12 12.291 25.581 2.08 16.1 
E 6 E 13 6.615 13.027 1.97 8.4 
E 7 'E 8 .000 17.615 
E 7 E 9 .000 11.001 
E 9 E 10 3.181 8.450 2.66 46.5 
E 9 E 14 12.711 27.038 2.13 16.8 
£ 10 E 11 8.205 19.207 2.34 11.4 
E 12 E.13 22.092 19.988 .90 20.5 
E 13 E 14 17.093 34.802 2.04 22.1 
E 1 BUS 102 1.100 4.100 3.73 .520 18.4 
NO NE R % X % X/R mC*Sbase Length 
E 2 BUS 97 2.200 8.000 3.64 1.200 36.3 
E 5 BUS 90 2.300 7.500 3.26 1.150 36.3 
Transformers  
NO NE R X X X Tap 
BUS 8 BUS 5 .000 2.670 .985 
BUS 26 BUS 25 .000 3.820 .960 
BUS 30 BUS 17 .000 3.880 .960 
BUS 38 BUS 37 .000 3.750 .935 
BUS 63 BUS 59 .000 3.860 .960 
BUS 64 BUS 61 .000 2.680 .985 
BUS 65 BUS 66 .000 3.700 .935 
BUS 68 BUS 69 .000 3.700 .935 
BUS 81 BUS 80 .000 3.700 .935 
A 6 A 9 .000 20.800 .978 
A 6 A 10 .000 55.600 .969 
A 4 A 12 .000 25.600 .932 
A 28 A 27 .000 39.600 .968 
B 6 B 9 .000 20.800 .978 
B 6 B 10 .000 55.600 .969 
B 4 B 12 .000 25.600 .932 
B 28 B 27 .000 39.600 .968 
C 6 C 9 .000 20.800 .978 
C 6 C 10 .000 55.600 .969 
C 4 C 12 .000 25.600 .932 
C 28 C 27 .000 39.600 .968 
D 6 D 9 .000 20.800 .978 
D 6 D 10 .000 55.600 .969 
D 4 D 12 .000 25.600 .932 
D 28 D 27 .000 39.600 .968 
E 4 E 7 .000 20.912 .978 
E 4 E 9 .000 55.618 .969 
E 5 E 6 .000 25.202 .932 
Shunt Elements  
NO 	wC*Sbase 
BUS 5 	—40.000 
BUS 17 .000 
BUS 34 	14.000 
BUS 37 —25.000 
BUS 44 	10.000 
BUS 45 10.000 
BUS 46 	lu.uut) 
BUS 48 15.000 
BUS 74 	12.000 
BUS 79 20.000 
BUS 82 	20.000 
BUS 83 10.000 
BUS 105 	20.000 
BUS 107 6.000 
BUS 110 	6.000 
A 10 19.011 
A 24 	4.000 
B 10 19.011 
B 24 	4.000 
C 10 19.011 
C 24 	4.000 
D 10 19.011 
D 24 	4.000 
E 9 19.000 
Time for input: 3.27 
Time for compact: 	.27 
Time for factorization: 	.33 
o. of iterations: 9.5 
aximum mismatch (in pu): 8.7E-04 5.6E-04 
Time for solution: 	.26 
xecution time: 
base : 100. 
Bus 
4.13 
Vsp Voltage Generation QGmin QGmax Load 
US 69 1.035 30.00 209.39 -34.62 
US 1 .960 .960 17.96 .00 12.92 -5.00 35.00 51.00 27.00 
US 4 .998 .998 23.49 50.00 -12.41 -300.00 300.00 30.00 12.00 
US 6 .990 .990 20.38 .00 31.66 -13.00 50.00 52.00 22.00 
US 8 1.015 1.015 29.19 40.00 144.92 -300.00 300.00 .00 10.00 
US 10 1.055 1.055 44.10 450.00 34.26 -147.00 200.00 .00 .00 
US 12 .990 .990 19.64 85.00 112.26 -35.00 120.00 47.00 20.00 
JS 15 .970 .970 18.42 .00 -5.43 -10.00 50.00 90.00 40.00 
JS 18 .973 .973 18.75 .00 8.51 -16.00 50.00 60.00 34.00 
JS 19 .960 .972+ 18.07 .00 -8.00 -8.00 24.00 45.00 25.00 
JS 24 .992 .992 29.37 49.00 -10.04 -300.00 300.00 .00 .00 
JS 25 1.050 1.050 35.38 220.00 70.93 -47.00 140.00 .00 .00 
JS 26 1.015 1.015 37.11 314.00 10.31-1000.00 1000.00 .00 .00 
JS 27 .968 .968 24.65 45.00 -9.91 -300.00 300.00 20.00 13.00 
IS 31 .967 .967 . 20.57 .1.00 40.49 -300.00 300.00 43.00 -27.00 
IS 32 .963 .963+ 22.27 .00 -14.00 -14.00 42.00 59.00 23.00 
IS 34 .984 .987+ 17.30 .00 -8.00 -8.00 24.00 59.00 26.00 
IS 36 .980 .980 16.91 .00 .70 -8.00 24.00 31.00 17.00 
IS 40 .970 .970 13.80 -46.00 -34.74 -300.00 300.00 20.00 23.00 
IS 42 .985 .985 14.08 -59.00 26.85 -300.00 300.00 37.00 23.00 
IS 46 1.080 1.080 22.28 89.00 91.76 -100.00 100.00 28.00 10.00 
IS 49 1.025 1.025 24.42 204.00 1.72 -85.00 210.00 87.00 30.00 
IS 54 .970 .970 21.52 48.00 -19.94 -300.00 300.00 113.00 52.00 
S 55 .970 .970 21.30 .00 2.89 -8.00 23.00 63.00 22.00 
IS 56 .970 .974+ 21.62 .00 -7.78 -8.00 15.00 84.00 38.00 
S 59 .985 .985 23.68 155.00 42.26 -60.00 180.00 277.00 113.00 
S 61 .995 .995 27.15 160.00 -13.99 -100.00 300.00 .00 .00 
S 62 .998 .998 26.11 .00 20.71 -20.00 30.00 77.00 24.00 
S 65 1.005 1.005 30.31 391.00 102.43 -67.00 200.00 .00 .00 
S 66 1.050 1.050 29.42 392.00 38.22 -67.00 200.00 39.00 18.00 
S 70 .984 .984 26.95 .00 -9.13 -10.00 32.00 66.00 20.00 
S 72 .980 .980 31.48 43.00 -23.80 -100.00 100.00 .00 .00 
S 73 .991 .991 29.30 37.00 1.44 -100.00 100.00 .00 .00 
S 74 .975 .975 24.18 .00 35.46 -6.00 39.00 68.00 27.00 
S 76 .953 .953 24.61 .00 17.91 -8.00 53.00 68.00 37.00 
S 77 1.006 1.006 30.61 .00 -8.39 -20.00 70.00 61.00 20.00 
S 80 1.040 1.040 33.56 477.00 175.29 -165.00 280.00 130.00 56.00 
S 85 1.020 1.020 36.58 .00 2.98 -8.00 23.00 24.00 15.00 
S 87 1.015 1.015 35.83 4.00 -22.23 -100.00 1000.00 .00 .00 
S 89 1.055 1.055 43.56 607.00 114.18 -210.00 300.00 .00 .00 
S 90 .985 .985 37.19 -85.00 -13.94 -300.00 300.00 78.00 52.00 
S 91 .985 .985 39.28 20.00 -44.66 -100.00 100.00 .00 .00 
S 92 1.030 1.033+ 39.96 .00 -3.00 -3.00 20.00 65.00 20.00 
S 99 1.015 1.015 37.97 35.00 -24.67 -100.00 100.00 .00 .00 
S 100 1.017 1.017 37.96 252.00 61.44 -50.00 155.00 37.00 18.00 
. 
BUS 103 1.000 1.000 36.42 40.00 35.04 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 34.21 .00 20.10 -8.00 53.00 38.00 25.00 
BUS 107 .952 .952 34.65 45.00 -4.54 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 36.76 36.00 5.63 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 36.36 55.00 12.51 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.38 -184.00 104.09-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 21.02 100.00 4.48 -100.00 100.00 .00 .00 
A 2 1.045 1.045 18.73 80.00 78.45 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 15.35 50.00 32.78 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 14.02 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 15.56 20.00 9.45 -10.00 45.83 .00 .00 
A 13 1.050 1.050 13.84 20.00 6.05 -15.00 56.57 .00 .00 
B 	1 1.050 1.050 19.63 100.00 69.61 -100.00 100.00 .00 .00 
B 2 1.045 1.045 18.99 80.00 42.75 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 15.17 50.00 36.97 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 17.65 20.00 63.91 -15.00 75.00 30.00 30.00 
B 	11 1.050 1.050 18.07 20.00 7.99 -10.00 45.83 .00 .00 
B 13 1.050 1.050 16.00 20.00 5.45 -15.00 56.57 .00 .00 
: 	1 1.050 1.050 40.61 100.00 24.55 -100.00 100.00 .00 .00 
: 2 1.045 1.045 39.59 80.00 38.16 -20.00 60.00 21.70 12.70 
: 5 1.010 1.010 35.98 50.00 15.12 -15.00 62.45 94.20 39.00 
: 8 1.010 1.010 34.08 20.00 43.63 -15.00 75.00 30.00 30.00 
11 1.050 1.050 35.45 20.00 7.72 -10.00 45.83 .00 .00 
13 1.050 1.050 33.71 20.00 5.10 -15.00 56.57 .00 .00 
) 1 1.025 1.021- 23.96 100.00 100.00 -100.00 100.00 .00 .00 
) 2 1.02 .0 1.020 25.02 80.00 10.10 -20.00 60.00 21.70 12.70 
) 5 1.010 1.010 26.41 50.00 -.96 -15.00 62.45 94.20 39.00 
) 8 1.010 1.010 23.94 20.00 47.35 -15.00 75.00 30.00 30.00 
) 	11 1.050 1.050 23.98' 20.00 9.28 -10.00 45.83 .00 .00 
) 13 1.050 1.050 21.65 20.00 8.29 -15.00 56.57 .00 .00 
: 	1 1.060 1.060 39.84 250.00 83.57 -40.00 90.00 20.00 12.00 
. 2 1.045 1.028- 35.54 40.00 50.00 -40.00 50.00 21.70 12.70 
: 	3 .970 .970 28.53 .00 31.81 .00 70.00 94.20 39.00 
: 6 1.040 1.040 28.01 .00 15.95 -6.00 34.00 11.20 7.50 
. 8 1.050 1.050 28.76 .00 15.83 -6.00 34.00 .00 .00 
Bus Voltage Load 
fS 2 .973 18.60 20.00 9.00 
rs 3 .967 18.92 50.00 20.00 
IS 5 1.001 23.73 40.00 18.00 
IS 7 .987 19.74 51.00 14.00 
IS 9 1.034 36.55 .00 .00 
IS 11 .985 20.38 70.00 23.00 
IS 13 .968 18.91 34.00 16.00 
'S 14 .981 18.90 14.00 5.00 
S 16 .984 19.30 25.00 10.00 
S 17 .995 21.04 11.00 3.00 
S 20 1.017 18.57 18.00 7.00 
S 21 1.001 17.64 44.00 15.00 
S 22 .994 18.97 45.00 13.00 
S 23 .991 27.71 62.00 28.00 
S 28 .960 22.36 17.00 7.00 
S 29 .960 20.74 24.00 14.00 
S 30 .985 26.06 .00 .00 
S 33 .972 17.28 23.00 9.00 
S 35 .980 16.92 33.00 19.00 
S 37 .993 17.80 .00 .00 
S 38 .964 22.74 .00 .00 
S 39 .971 14.71 27.00 11.00 
S 41 .967 13.13 37.00 10.00 
S 43 .991 15.81 18.00 7.00 
S 44 1.013 16.15 16.00 8.00 
S 45 1.022 18.41 83.00 45.00 
S 47 1.026 23.40 64.00 30.00 
S 48 1.039 22.97 20.00 11.00 - 
5 50 1.007 23.07 17.00 4.00 
S 51 .986 21.82 17.00 8.00 
S 52 .975 21.02 18.00 5.00 
S 53 .962 20.40 23.00 11.00 
S 57 .985 21.84 12.00 3.00 
S 58 .978 21.45 12.00 3.00 
S 60 .989 26.31 78.00 43.00 
S 63 .970 26.33 .00 .00 
S 64 .984 27.69 .00 .00 
S 67 1.016 25.80 28.00 7.00 
S 68 1.001 29.82 .00 .00 
S 71 .987 28.32 .00 .00 
S 75 .972 25.15 80.00 25.00 
5 78 1.003 30.40 71.00 26.00 
5 79 1.009 30.86 39.00 32.00 
5 81 / .993 31.26 .00 .00 
5 82 1.003 33.01 54.00 27.00 
5 83 1.008 33.87 20.00 10.00 
3 84 1.012 35.49 11.00 7.00 
5 86 1.022 35.31 21.00 10.00 
S 88 1.026 39.77 48.00 25.00 
5 93 1.015 37.84 12.00 7.00 
5 94 1.008 36.39 30.00 16.00 
3 95 1.000 35.12 42.00 31.00 
3 96 1.006 34.11 38.00 15.00 
3 97 1.021 34.24 15.00 9.00 
5 98 .990 33.14 64.00 48.00 
3 101 1.020 38.07 22.00 15.00 
BUS 102 1.042 39.34 25.00 3.00 
BUS 105 .960 33.81 31.00 34.00 
BUS 106 .948 33.29 69.00 36.00 
BUS 108 .954 33.46 2.00 1.00 
BUS 109 .952 33.36 48.00 10.00 
BUS 110 .967 35.20 39.00 25.10 
3US 113 .993 21.06 6.00 -6.40 
3US 114 .957 22.21 20.00 3.00 
3US 115 .957 22.32 35.00 10.00 
3US 117 .974 18.09 20.00 8.00 
3US 118 .957 24.44 33.00 15.00 
i 3 1.015 16.65 2.40 1.20 
■ 4 1.008 15.79 7.60 1.60 
■ 6 1.002 14.79 .00 .00 
■ 7 .i7 14.40 22.80 10.90 
■ 9 1.032 13.36 .00 .00 
10 1.028 11.42 5.80 2.00 
l 12 1.042 12.37 11.20 7.50 
14 1.026 11.43 6.20 1.60 
15 1.022 11.28 8.20 2.50 
.16 1.029 11.71 3.50 1.80 
17 1.023 11.32 9.00 5.80 
18 1.011 10.61 3.20 .90 
19 1.009 10.41 9.50 3.40 
20 1.012 10.60 2.20 .70 
21 1.015 10.93 17.50 11.20 
22 1.015 10.93 .00 .00 
23 1.010 10.76 3.20 1.60 
24 1.002 10.43 8.70 6.70 
25 .994 10.41 .00 .00 
26 .978 9.90 3.50 2.30 
27 .999 10.66 .00 .00 
28 .992 14.16 .00 .00 
29 .975 9.47 2.40 .90 
30 .959 8.65 10.60 3.90 
3 1.017 17.83 2.40 1.20 
4 1.010 17.52 7.60 1.60 
6 1.008 17.36 .00 .00 
7 1.001 15.95 22.80 10.90 
9 1.035 15.88 .00 .00 
10 1.031 13.91 5.80 2.00 
12 1.043 14.53 11.20 7.50 
14 1.027 13.66 6.20 1.60 
15 1.023 13.56 8.20 2.50 
16 1.031 14.01 3.50 1.80 
17 1.026 13.76 9.00 5.80 
18 1.014 12.97 3.20 .90 
19 1.011 12.81 9.50 3.40 
20 / 1.015 13.03 2.20 .70 
21 1.018 13.45 17.50 11.20 
22 1.018 13.46 .00 .00 
23 1.012 13.20 3.20 1.60 
24 1.005 13.08 8.70 6.70 
25 .999 13.54 .00 .00 
26 .983 13.04 3.50 2.30 
27 1.004 14.10 .00 .00 
28 .995 18.05 .00 .00 
29 .980 12.92 2.40 .90 
30 .965 12.11 10.60 3.90 
3 1.016 36.43 2.40 1.20 
: 4 1.008 35.61 7.60 1.60 
: 6 1.008 34.72 .00 .00 
: 7 1.001 34.59 22.80 10.90 
: 9 1.035 33.26 .00 .00 
: 	10 1.031 31.31 5.80 2.00 
12 1.044 32.25 11.20 7.50 
14 1.027 31.31 6.20 1.60 
15 1.024 31.15 8.20 2.50 
16 1.031 31.59 3.50 1.80 
17 1.026 31.21 9.00 5.80 
18 1.014 30.49 3.20 .90 
19 1.012 30.30 9.50 3.40 
20 1.016 30.49 2.20 .70 
21 1.019 30.81 17.50 11.20 
22 1.019 30.81 .00 .00 
23 1.013 30.62 3.20 1.60 
24 1.006 30.25 8.70 6.70 
25 1.001 30.08 .00 .00 
26 .985 29.58 3.50 2.30 
27 1.007 30.24 .00 .00 
28 1.003 33.61 .00 .00 
29 .983 29.07 2.40 .90 
30 .968 28.26 10.60 3.90 
3 1.003 23.15 2.40 1.20 
4 .999 23.06 7.60 1.60 
6 1.003 23.41 .00 .00 
7 .997 23.94 22.80 10.90 
9 1.032 21.78 .00 .00 
10 1.028 19.73 5.80 2.00 
12 1.039 20.18 11.20 7.50 
14 1.023 19.32 6.20 1.60 
15 1.020 19.22 8.20 2.50 
16 1.028 19.73 3.50 1.80 
17 1.023 19.56 9.00 5.80 
18 1.010 18.68 3.20 .90 
19 1.008 18.56 9.50 3.40 
20 1.012 18.79 2.20 .70 
21 1.015 19.24 17.50 11.20 
22 1.016 19.25 .00 .00 
23 1.009 18.87 3.20 1.60 
24 1.003 18.75 8.70 6.70 
25 .998 19.00 .00 .00 
26 .982 18.50 3.50 2.30 
27 1.004 19.43 .00 .00 
28 .997 23.22 .00 .00 
29 .980 18.25 2.40 .90 
30 .964 17.43 10.60 3.90 
4 .982 31.92 47.80 20.00 
5 .990 34.01 7.60 1.60 
7 1.023 28.76 .00 .00 
9 1.018 27.13 29.50 16.60 
10 1.014 26.98 9.00 5.80 
11 1.023 27.36 3.50 1.80 
12 1.024 27.09 6.10 1.60 
l3 1.019 27.00 13.50 5.80 
l4 1.000 26.00 14.90 5.00 
Power Generated: 5635.39 1995.04 
Power Demanded: 5481.60 2579.90 
3ystem Losses: 153.79 —584.86 
'rintout tine: 1.42 
BUS 69 	BUS 47 41.90 -10.52 
BUS 69 BUS 49 30.47 -8.95 
BUS 69 	BUS 70 49.92 29.06 
BUS 69 BUS 75 79.57 27.68 
BUS 69 	BUS 77 -1.76 28.61 
BUS 69 BUS 68 9.29 -100.50 
Total: 209.39 -34.62 
BUS 1 	BUS 2 -13.12 -9.91 
BUS 1 BUS 3 -37.88 -4.17 
Total: -51.00 -14.08 
BUS 4 	BUS 5 -56.93 -21.58 
BUS 4 BUS 11 76.93 -2.83 
Total: 20.00 -24.41 
BUS 6 	BUS 5 -105.67 6.05 
BUS 6 BUS 7 53.67 3.61 
Total: -52.00 9.66 
BUS 8 	BUS 9 -440.62 -23.93 
BUS 8 BUS 30 113.00 26.59 
BUS 8 	BUS 5 367.61 132.26 
. Total: 40.00 134.92 
BUS 10 	BUS 9 450.00 34.26 
Total: 450.00 34.26 
BUS 12 	BUS 11 -51.54 42.63 
BUS 12 BUS 2 33.47 16.17 
BUS 12 	BUS 3 10.85 9.10 
BUS 12 BUS 7 -2.52 9.65 
BUS 12 	BUS 14 19.45 5.27 
BUS 12 BUS 16 8.13 4.24 
BUS 12 	BUS 117 20.15 5.20 
Taal: 38.00 92.26 
BUS 15 	BUS 13 -2.74 -1.29 
BUS 15 BUS 14 -5.33 -6.42 
BUS 15 	BUS 17 -107.17 -21.06 
BUS 15 BUS 19 11.76 -9.68 
BUS 15 	BUS 33 13.48 -6.98 
Total: -90.00 -45.43 
BUS 18 BUS 17 -81.74 -21.21 
BUS 18 BUS 19 21.74 -4.28 
Total: -60.00 -25.49 
BUS 19 BUS 18 -21.68 3.45 
BUS 19 BUS 20 -14.75 -35.51 
BUS 19 BUS 15 -11.73 8.82 
BUS 19 BUS 34 3.16 -9.76 
Total: -45.00 -33.00 
BUS 24 BUS 23 54.71 -12.60 
BUS 24 BUS 70 9.94 -5.35 
BUS 24 BUS 72 -15.65 7.90 
Total: 49.00 -10.04 
BUS 25 BUS 23 183.93 52.29 
BUS 25 BUS 27 123.83 37.36 
BUS 25 BUS 26 -87.76 -18.72 
Total: 220.00 70.93 
BUS 26 BUS 30 226.24 -11.20 
BUS 26 BUS 25 87.76 21.51 
Total: 314.00 10.31 
BUS 27 BUS 25 -118.95 -16.46 
BUS 27 BUS 28 43.44 -.88 
BUS 27 BUS 32 48.80 -8.86 
BUS 27 BUS 115 51.71 3.29 
Total: 25.00 -22.91 
BUS 31 BUS 17 -9.46 -16.19 
BUS 31 BUS 29 -1.82 19.51 
BUS 31 BUS 32 -24.72 10.17 
Total: -36.00 13.49 
BUS 32 BUS 23 -77.87 .68 
BUS 32 BUS 31 24.95 -11.73 
BUS 32 BUS 27 -48.21 9.03 
BUS 32 BUS 113 5.29 -17.78 
BUS 32 BUS 114 3.79 8.36 
BUS 32 B 28 33.05 -25.56 























BUS 36 BUS 35 -1.07 .36 
BUS 36 BUS 34 -29.93 -16.65 
Total: -31.00 -16.30 
BUS 40 BUS 37 -39.27 .05 
BUS 40 BUS 39 -23.00 4.98 
BUS 40 BUS 41 22.85 -1.05 
BUS 40 BUS 42 -4.49 -8.78 
BUS 40 A 8 -22.08 -52.95 
Total: -66.00 -57.74 
BUS 42 BUS 40 4.53 4.45 
BUS 42 BUS 41 - 14.36 7.29 
BUS 42 BUS 49 -55.00 .88 
BUS 42 BUS 49 -55.00 .88 
BUS 42 A 28 -4.88 -9.65 
Total: -96.00 3.85 
BUS 46 BUS 45 63.54 27.40 
BUS 46 BUS 47 -2.85 45.38 
BUS 46 BUS 48 .31 20.64 
BUS 46 BUS 46 .00 -11.66 
Total: 61.00 81.76 
BUS 49 BUS 47 27.24 -9.99 
BUS 49 BUS 42 57.25 .58 
BUS 49 BUS 42 57.25 .58 
BUS 49 BUS 45 53.44 -17.22 
BUS 49 BUS 48 38.70 -42.05 
BUS 49 BUS 50 36.62 11.07 
BUS 49 BUS 51 39.21 14.56 
BUS 49 BUS 54 21.12 10.74 
BUS 49 BUS 54 21.32 9.61 
BUS 49 BUS 66 -102.77 -4.59 
BUS 49 BUS 66 -102.77 -4.59 
BUS 49 BUS 69 -29.59 3.04 
Total: 117.00 -28.27 
BUS 54 BUS 53 15.48 1.86 
BUS 54 BUS 49 -20.66 -16.27 
BUS 54 BUS 49 -20.79 -15.12 
BUS 54 BUS 55 4.77 -2.08 
BUS 54 BUS 56 -27.49 -34.92 
BUS 54 BUS 59 -16.29 -5.29 
Total: -64.99 -71.82 
BUS 55 BUS 54 -4.76 .20 
BUS 55 BUS 56 -39.34 -14.38 
BUS 55 BUS 59 -18.90 -4.87 
Total: -63.00 -19.05 
BUS ;0 LuL LA 27.55 34.85 
BUS 56 BUS 55 39.43 14.31 
BUS 56 BUS 57 -6.98 -9.81 
BUS 56 BUS 58 1.22 -5.90 
BUS 56 BUS 59 -13.60 -2.17 
BUS 56 BUS 59 -14.25 -1.89 
BUS 56 D 1 -117.37 -75.38 
Total: -84.00 -46.00 
BUS 59 BUS 54 16.44 .23 
BUS 59 BUS 56 13.76 -2.80 
BUS 59 BUS 56 14.42 -2.74 
BUS 59 BUS 55 19.08 .30 
BUS 59 BUS 60 -29.87 2.64 
BUS 59 BUS 61 -38.87 1.25 
BUS 59 D 28 1.95 -7.86 
BUS 59 BUS 63 -118.92 -61.77 
Total: -122.00 -70.74 
BUS 61 BUS 59 39.38 -2.70 
BUS 61 BUS 60 111.23 22.47 
BUS 61 BUS 62 44.37 -17.71 
BUS 61 BUS 64 -34.98 -16.04 
Total: 160.00 -13.99 
BUS 62 BUS 60 -2.69 15.73 
BUS 62 BUS 61 -44.18 17.60 
BUS 62 BUS 66 -31.34 -19.05 
BUS 62 BUS 67 1.21 -17.56 
Total: -77.00 -3.29 
BUS 65 BUS 38 132.93 -14.45 
BUS 65 BUS 64 154.96 39.07 
BUS 65 BUS 68 55.64 5.20 
BUS 65 BUS 66 47.48 72.61 
Total: 391.00 102.43 
BUS 66 	BUS 49 104.59 11.17 
BUS 66 BUS 49 104.59 11.17 
BUS 66 	BUS 62 31.94 15.49 
BUS 66 BUS 67 71.16 19.60 
BUS 66 	D 5 88.21 32.98 
BUS 66 BUS 65 -47.48 -70.20 
Total: 353.00 20.22 
BUS 70 	BUS 69 -48.95 -28.49 
BUS 70 BUS 24 -9.84 -4.20 
BUS 70 	BUS 71 -63.30 7.80 
BUS 70 biJS 74 34.20 -4.45 
BUS 70 	BUS 75 21.89 .20 
Total: -66.00 -29.13 
BUS 72 	BUS 24 15.82 -11.95 
BUS 72 • BUS 71 27.18 - 11.86 
Total: 43.00 -23.80 
BUS 73 	BUS 71 37.00 1.44 
Total: 37.00 1.44 
BUS 74 	BUS 70 -33.71 2.83 
BUS 74 BUS 75 -34.29 17.04 
BUS 74 	BUS 74 .00 -11.41 
Total: -68.00 8.46 
BUS 76 	BUS 77 -70.59 -11.07 
BUS 76 BUS 118 2.59 -8.02 
Total: -68.00 -19.09 
BUS 77 	BUS 76 73.07 15.80 
BUS 77 BUS 69 2.02 -31.05 
BUS 77 	BUS 75 47.99 2.29 
BUS 77 BUS 78 34.17 10.40 
BUS 77 	BUS 80 -119.87 -26.49 
BUS 77 BUS 80 -55.61 -16.84 
BUS 77 	BUS 82 -42.76 17.51 
Total: -61.00 -28.39 
BUS 80 	BUS 77 122.39 31.96 
BUS 80 BUS 77 56.58 17.92 
BUS 80 	BUS 79 76.95 29.21 
BUS 80 BUS 96 -1.62 17.10 
BUS 80 	BUS 97 -9.00 21.30 
BUS 80 	BUS 98 
BUS 80 BUS 99 









BUS 85 	BUS 83 32.84 -2.13 
BUS 85 BUS 84 31.31 .51 
BUS 85 	BUS 86 17.12 -7.41 
BUS 85 BUS 88 -55.62 5.48 
BUS 85 	BUS 89 -76.34 -21.15 
BUS 85 C 5 26.70 12.69 
Tettn1 • -24.00 -12.02 
BUS 87 	BUS 86 4.00 -22.23 
Total: 4.00 -22.23 
BUS 89 	BUS 85 77.69 -1.54 
BUS 89 BUS 88 105.71 25.21 
BUS 89 	BUS 90 67.96 21.03 
BUS 89 BUS 90 127.64 48.53 
BUS 89 	BUS 92 140.06 23.08 
BUS 89 BUS 92 ' 44.56 2.98 
BUS 89 	C 2 43.37 -5.12 
Total: 607.00 114.18 
BUS 90 	BUS 89 -65.54 -17.76 
BUS 90 BUS 89 -123.62 -34.52 
BUS 90 	BUS 91 -38.54 11.44 
BUS 90 E 5 64.70 -25.09 
Total: -163.00 -65.94 
BUS 91 	BUS 90 38.97 -12.10 
BUS 91 BUS 92 -18.97 -32.55 
Total: 20.00 -44.66 
BUS 92 	BUS 89 -138.27 -15.28 
BUS 92 BUS 89 -43.85 -4.63 
BUS 92 	BUS 91 19.49 30.95 
BUS 92 BUS 93 48.04 6.04 
BUS 92 	BUS 94 42.48 2.51 
BUS 92 BUS 100 13.06 -1.34 
BUS 92 	BUS 102 16.17 -21.80 
BUS 92 C 1 -22.12 -19.46 
Total: -65.00 -23.00 
BUS 99 	BUS 80 35.31 -21.40 




BUS 100 	BUS 92 - 12.95 -6.28 
BUS 100 BUS 94 49.08 1.26 
BUS 100 	BUS 98 48.69 3.94 
BUS 100 BUS 99 .31 1.58 
BUS 100 	BUS 101 -2.15 -4.02 
BUS 100 BUS 103 56.86 15.45 
BUS 100 	BUS 104 35.24 13.33 
BUS 100 BUS 106 39.92 18.18 
Total: 215.00 43.44 
BUS 103 	BUS 100 -56.32 -15.34 
BUS 103 BUS 104 26.88 8.82 
BUS 103 	BUS 105 31.81 12.85 
BUS 103 BUS 110 14.63 12.71 
Total: 17.00 19.04 
BUS 104 	BUS 100 -34.58 -15.81 
BUS 104 BUS 103 -26.49 -11.44 
BUS 104 	BUS 105 23.07 22.36 
Total: -38.00 -4.90 
BUS 107 	BUS 105 5.66 -7.77 
BUS 107 BUS 106 11.34 - 	-3.33 
BUS 107 	BUS 107 .00 -5.44 
Total: 17.00 -16.54 
BUS 111 	BUS 110 36.00 5.63 
Total: 36.00 5.63 
BUS 112 	BUS 110 30.00 -.49 
Total: 30.00 -.49 
I 
BUS 116 	BUS 68 -184.00 104.09 
Total: -184.00 104.09 
A 1 	A 2 71.73 -14.76 
A 1 A3 46.25 8.83 
A 1 	BUS 48 -17.98 10.41 
Total: 100.00 4.48 
A 2 A 1 -70.81 14.64 
A 2 A 4 34.97 8.77 
A 2 A 5 34.05 10.12 
A 2 A 6 44.82 8.80 
A 2 BUS 45 15.26 23.42 
Total: 58.30 65.75 
A 5 A 2 -33.49 -9.99 
A 5 A 7 13.73 2.39 
A 5 BUS 44 -24.43 1.39 
Tctal: -44.20 -6.22 
A 8 A 6 -32.20 -1.04 
A 8 A 28 -.32 • 	1.95 
A 8 BUS 40 22.52 54.09 
Total: -10.00 55.00 
All A 9 20.00 9.45 
Total: 20.00 9.45 
A 13 A 12 20.00 6.05 
Total: 20.00 6.05 
B 1 B 2 22.05 .43 
B 1 B 3 21.52 12.63 
B 1 BUS 20 56.43 56.55 
Total: 100.00 69.61 
B 2 B 1 -21.97 -3.07 
B 2 B 4 20.37 11.68 
B 2 B 5 37.96 9.45 
B 2 B 6 21.94 12.00 
Total: 58.30 30.05 
B 5 B 2 -37.29 -8.84 
5 B 7 -6.91 6.81 
Total: -44.20 -2.03 
8 B 6 12.62 1.91 
B 8 B 28 -1.02 6.77 
B 8 BUS 22 -21.60 25.23 
Total: -10.00 33.91 
B 11 B 9 20.00 7.99 
Total: 20.00 7.99 
B 13 B 12 20.00 5.45 
Total: 20.00 5.45 
C 1 C 2 33.32 -3.15 
C 1 C 3 44.40 8.93 
C i bUb 92 22.28 18.77 
Total: 100.00 24.55 
C 2 C 1 -33.13 .83 
C 2 C 4 45.03 5.86 
C 2 C 5 36.14 9.76 
C 2 C 6 52.84 3.32 
C 2 BUS 89 -42.59 5.68 
Total: 58.30 25.46 
C 5 C 2 -35.52 -9.38 
C 5 C 7 17.90 -1.65 
C 5 BUS 85 -26.57 -12.84 
Total: -44.20 -23.88 
C 8 C 6 -23.82 10.78 
C 8 C 28 4.77 .75 
C 8 BUS 83 9.05 2.10 
Total: -10.00 13.63 
C 11 C 9 20.00 7.72 
Total: 20.00 7.72 
C 13 C 12 20.00 5.10 
Total: 20.00 5.10 
D 1 D 2 -29.36 10.79 
D 1 D 3 9.65 6.49 
D 1 BUS 56 119.71 82.72 
Total: 100.00 100.00 















D 5 D 2 10.85 -8.59 
D 5 D 7 31.38 -2.90 
D 5 BUS 66 -86.43 -28.48 
Total: -44.20 -39.96 
D 8 D 6 25.11 9.90 
D8 D 28 7.65 2.93 
D 8 BUS 67 -42.76 4.52 
Total -10.00 17.35 
D 11 D 9 20.00 9.28 
Total: 20.00 9.28 
613 D 12 20.00 8.29 
Total: 20.00 8.29 
E 1 E 2 143.14 14.31 
E 1 E 5 53.36 19.97 
E 1 BUS 102 33.50 37.29 
Total: 230.00 71.57 
E 2 E 1 -139.57 -5.51 
E 2 E 3 65.81 16.02 
E 2 E 4 41.01 12.54 
E 2 E 5 20.89 14.06 
E 2 BUS 97 30.15 .20 
Total: 18.30 37.30 
E 3 E 2 -63.74 -11.65 
E 3 E 4 -30.46 4.46 
Total: -94.20 -7.19 
E 6 E 11 8.34 4.75 
E6 E 12 7.96 2.65 
E 6 E 13 18.30 7.87 
E 6 E 5 -45.80 -6.82 

















BUS 3 BUS 1 38.08 3.84 
BUS 3 BUS 5 -77.35 -11.24 
BUS 3 BUS 12 -10.73 -12.60 
Total: -50.00 -20.00 
BUS 5 BUS 4 56.99 21.66 
BUS 5 BUS 3 78.92 15.52 
BUS 5 BUS 6 107.03 -1.28 
BUS 5 BUS 11 84.67 -.07 
BUS 5 BUS 8 -367.61 -93.88 
BUS 5 BUS 5 .00 40.06 
Total: -40.00 -18.00 
BUS 7 BUS 6 -53.53 -3.53 
BUS 7 BUS 12 2.53 -10.47 
Total: -51.00 -14.00 
BUS 9 BUS 8 445.22 30.47 
BUS 9 BUS 10 -445.22 -30.47 
Total: .00 .00 
BUS 11 BUS 4 -75.69 5.20 
BUS 11 BUS 5 -83.22 3.24 
BUS 11 BUS 12 51.81 -42.22 
BUS 11 BUS 13 37.09 10.78 
Total: -70.00 -23.00 
BUS 13 BUS 11 -36.75 -11.43 
BUS 13 BUS 15 2.75 -4.57 
Total: -34.00 -16.00 
BUS 14 BUS 12 -19.36 -6.73 
BUS 14 BUS 15 5.36 1.73 
Total: -14.00 -5.00 
BUS 16 	BUS 12 







BUS 17 	BUS 15 108.84 25.27 
BUS 17 BUS 16 17.02 -.27 
BUS 17 	BUS 18 82.66 23.75 
BUS 17 BUS 31 9.61 12.84 
BUS 17 	BUS 113 .89 6.26 
BUS 17 BUS 30 -230.02 -70.85 
BUS 17 	BUS 17 .00 .00 
,. 	, -11.00 -3.00 
BUS 20 	BUS 19 15.11 34.27 
BUS 20 BUS 21 22.56 13.04 
BUS 20 	B 1 -55.67 -54.31 
Total: -18.00 -7.00 
BUS 21 	BUS 20 -22.43 -14.66 
BUS 21 BUS 22 -21.13 10.80 
BUS 21 	B 4 -.44 -11.14 
Total: -44.00 -15.00 
BUS 22 	BUS 21 21.25 -12.67 
BUS 22 BUS 23 -88.11 26.42 
BUS 22 	B 8 21.86 -26.75 
Total: -45.00 -13.00 
BUS 23 	BUS 22 91.08 -16.62 
BUS 23 BUS 24 -54.28 12.74 
BUS 23 	BUS 25 -178.74 -27.72 
BUS 23 BUS 32 79.94 3.61 
Total: -62.00 -28.00 
BUS 28 	BUS 27 -43.06 .59 
BUS 28 , 	BUS 29 26.06 -7.59 
Total: -17.00 -7.00 
BUS 29 	BUS 28 -25.87 6.14 
BUS 29 BUS 31 1.87 -20.14 
Total: -24.00 -14.00 
BUS 30 	BUS 8 -112.35 -70.39 
BUS 30 	BUS 26 -222.18 -35.86 
BUS 30 BUS 38 104.50 12.70 
BUS 30 	BUS 17 230.02 93.56 
Total: .00 .00 
BUS 33 	BUS 15 -13.39 4.25 
BUS 33 BUS 37 -9.61 -13.25 
Total: -23.00 -9.00 
BUS 35 	BUS 36 1.07 -.61 
BUS 35 BUS 37 -34.07 -18.39 
Total: -33.00 -19.00 
BUS 37 	BUS 35 34.24 17.87 
BUS 37 BUS 33 9.71 10.06 
BUS 37 	BUS 34 99.99 33.85 
BUS 37 BUS 39 50.97 5.16 
BUS 37 	BUS 40 40.24 -1.33 
BUS 37 BUS 38 -235.14 -90.24 
BUS 37 	BUS 37 .00 24.65 
Total: .00 .00 
BUS 38 	BUS 30 -103.93 -46.10 
BUS 38 BUS 65 -131.22 -68.28 
BUS 38 	BUS 37 235.14 114.37 
Total: .00 .00 
BUS 39 	BUS 37 -50.11 -4.92 
BUS 39 BUS 40 23.11 -6.08 
Total: -27.00 -11.00 
BUS 41 	BUS 40 -22.77 .16 
BUS 41 BUS 42 - 14.23 - 10.16 
Total: -37.00 -10.00 
BUS 43 	BUS 44 -4.32 -10.82 
BUS 43 BUS 34 -13.68 3.82 
Total: -18.00 -7.00 
BUS 44 	BUS 43 4.37 4.92 
BUS 44 BUS 45 -44.91 1.06 
BUS 44 	A 5 24.54 -3.71 
BUS 44 BUS 44 .00 -10.27 
Total: -16.00 -8.00 
BUS 45 	BUS 44 45.36 -1.60 
BUS 45 BUS 46 -61.86 -25.38 
BUS 45 	BUS 49 -51.44 18.01 
BUS 45 A 2 -15.06 -25.59 
BUS 45 	BUS 45 .00 -10.44 
Total: -83.00 -45.00 
BUS 47 	BUS 46 3.58 -46.45 
BUS 47 BUS 49 -27.09 8.79 
BUS 47 	BUS 69 -40.48 7.66 
Total: -64.00 -30.00 
BUS 48 	BUS 46 -.03 -25.05 
BUS 48 BUS 49 -38.15 42.25 
BUS 48 	A 1 18.17 -12.01 
BUS 48 BUS 48 .00 -16.19 
Total: -20.00 -11.00 
BUS 50 	BUS 49 -36.25 -11.94 
BUS 50 BUS 57 19.25 7.94 
Total: -17.00 -4.00 
BUS 51 	BUS 49 -38.38 -15.66 
BUS 51 BUS 52 25.79 7.95 
BUS 51 	BUS 58 10.83 5.01 
BUS 51 D 4 -15.24 -5.29 
Total: -17.00 -8.00 
BUS 52 	BUS 51 -25.63 -8.84 
BUS 52 BUS 53 7.63 3.84 
Total: - 18.00 -5.00 
BUS 53 	BUS 52 -7.59 -7.50 
BUS 53 BUS 54 -15.41 -3.50 
Total: -23.00 -11.00 
BUS 57 	BUS 56 7.03 7.62 
BUS 57 BUS 50 -19.03 -10.62 
Total: -12.00 -3.00 
BUS 58 	BUS 56 -1.21 3.62 
BUS 58 	BUS 51 -10.79 -6.62 
Total: -12.00 -3.00 
BUS 60 	BUS 59 30.17 -4.94 
BUS 60 BUS 61 -110.89 -21.04 
BUS 60 	BUS 62 2.72 -17.02 
Total: -78.00 -43.00 
BUS 63 	BUS 64 -118.92 -68.91 
BUS 63 BUS 59 118.92 68.91 
Total: .00 .00 
BUS 64 	BUS 63 119.25 52.03 
BUS 64 BUS 65 -154.23 -68.47 
BUS 64 	BUS 61 34.98 16.44 
Total: .00 .00 
BUS 67 	BUS 62 -1.14 14.72 
BUS 67 BUS 66 -70.04 -17.39 
BUS 67 	D 8 43.18 -4.33 
Total: -28.00 -7.00 
BUS 68 	BUS 65 -55.59 -31.20 
BUS 68 BUS 81 -119.27 36.09 
BUS 68 	BUS 116 184.15 -108.91 
BUS 68 BUS 69 -9.29 104.02 
Total: .00 .00 
BUS 71 	BUS 70 63.67 -7.17 
BUS 71 BUS 72 -26.79 9.12 
BUS 71 	BUS 73 -36.88 -1.95 
Total: .00 .00 
BUS 75 	BUS 70 -21.68 -2.95 
BUS 75 BUS 69 -76.84 -23.52 
BUS 75 	BUS 74 34.48 -17.38 
BUS 75 BUS 77 -46.61 -2.59 
BUS 75 	BUS 118 30.64 21.43 
Total: -80.00 -25.00 
BUS 78 	BUS 77 -34.12 -10.64 
BUS 78 BUS 79 -36.88 -15.36 
Total: -71.00 -26.00 
BUS 79 	BUS 78 36.97 15.09 
BUS 79 BUS 80 -75.97 -26.72 
BUS 79 	BUS 79 .00 -20.37 
Total: -39.00 -32.00 
BUS 81 	BUS 68 119.57 -65.85 
BUS 81 BUS 80 -119.57 65.85 
Total: .00 .00 
BUS 82 	BUS 77 43.41 -18.60 
BUS 82 BUS 83 -41.10 .51 
BUS 82 	BUS 96 -34.72 5.30 
BUS 82 C 28 -21.59 5.93 
BUS 82 	BUS 82 .00 -20.14 
Total: -54.00 -27.00 
BUS 83 	BUS 82 41.29 -1.06, 
BUS 83 BUS 84 -19:85 3.72 
BUS 83 	BUS 85 -32.39 .09 
BUS 83 C 8 -9.04 -2.59 
BUS 83 	BUS 83 .00 -10.16 
- 	Total: -20.00 -10.00 
BUS 84 	BUS 83 20.07 -5.82 
BUS 84 BUS 85 -31.07 -1.18 
Total: - 11.00 -7.00 
BUS 86 	BUS 85 -17.01 4.92 
BUS 86 BUS 87 -3.99 -14.92 
Total: -21.00 -10.00 
BUS 88 	BUS 85 56.23 -5.28 
BUS 88 BUS 89 -104.23 -19.72 
Total: -48.00 -25.00 
I 
BUS 93 	BUS 92 -47.47 -6.45 
BUS 93 BUS 94 35.47 -.55 
. 	Total: -12.00 -7.00 
BUS 94 	BUS 92 -41.65 -4.03 
BUS 94 BUS 93 -35.20 -.47 
BUS 94 	BUS 95 52.35 2.11 
BUS 94 	BUS 96 43.17 -11.83 
BUS 94 BUS 100 -48.67 -1.78 
Total: -30.00 -16.00 
BUS 95 	BUS 94 -51.99 -2.05 
BUS 95 BUS 96 26.39 -20.09 
BUS 95 	C 4 -16.40 -8.85 
Total: -42.00 -31.00 
BUS 96 	BUS 80 1.75 -21.61 
BUS 96 BUS 82 34.92 -6.32 
BUS 96 	BUS 94 -42.64 11.19 
BUS 96 BUS 95 -26.21 19.20 
BUS 96 	BUS 97 -5.82 -17.46 
Total: -38.00 -15.00 
BUS 97 	BUS 80 9.10 -23.48 
BUS 97 BUS 96 5.87 15.25 
BUS 97 	E 2 -29.96 -.77 
Total: -15.00 -9.00 
BUS 98 	BUS 80 -16.24 -43.44 
BUS 98 BUS 100 -47.76 -4.56 
Total: -64.00 -48.00 
BUS 101 	BUS 100 2.16 .63 
BUS 101 BUS 102 -24.16 -15.63 
Total: -22.00 -15.00 
BUS 102 	BUS 92 -16.09 20.59 
BUS 102 BUS 101 24.34 13.34 
BUS 102 	E 1 -33.25 -36.94 
Total: -25.00 -3.00 
BUS 105 ' 	BUS 103 -31.15 -14.77 
BUS 105 BUS 104 -22.96 -22.86 
BUS 105 	BUS 106 19.10 14.76 
BUS 105 BUS 107 -5.62 3.58 
BUS 105 	BUS 108 9.63 3.71 
BUS 105 BUS 105 .00 -18.42 
Total: -31.00 -34.00 
BUS 106 	BUS 100 -38.72 -19.63 
BUS 106 BUS 105 -19.01 -15.70 
BUS 106 	BUS 107 
Total: 
BUS 108 	BUS 105 










BUS 109 	BUS 108 -7.59 -4.97 
BUS 109 BUS 110 -40.41 -5.03 
-48.00 7167g 
BUS 110 	BUS 103 -14.45 -16.47 
BUS 110 BUS 109 40.91 4.56 
BUS 110 	BUS 111 -35.69 -6.48 
BUS 110 BUS 112 -29.77 -1.10 
BUS 110 	BUS 110 .00 -5.61 
Total: -39.00 -25.10 
BUS 113 	BUS 17 -.89 -7.00 
BUS 113 BUS 32 -5.11 13.40 
Total: -6.00 6.40 
BUS 114 	BUS 32 -3.77 -9.80 
BUS 114 BUS 115 -16.23 6.80 
Total: -20.00 -3.00 
BUS 115 	BUS 27 -51.24 -2.99 




BUS 117 	BUS 12 -20.00 -8.00 
Total: -20.00 -8.00 
BUS 118 	BUS 75 -30.42 -21.82 
BUS 118 BUS 76 -2.58 6.82 
Total: -33.00 -15.00 
A 3 	A -45.33 -7.25 
A 3 A 4 42.93 6.05 
Total: -2.40 -1.20 
A 4 A 2 -34.26 -12.60 
A 4 A 3 -42.69 -6.67 
A 4 A 6 43.08 .52 
A 4 A 12 26.27 17.14 
Total: -7.60 -1.60 
A 6 A 2 -43.68 -11.40 
A 6 A 4 -42.86 -.22 
A 6 A 7 9.19 1.59 
A 6 A 8 32.32 1.03 
A 6 A 28 21.13 10.80 
A 6 A ; 12.66 -3.40 
A 6 A 10 11.23 1.60 
Total: .00 .00 
A 7 A 5 -13.63 -6.71 
A 7 A 6 -9.17 -4.19 
Total: -22.80 -10.90 
A 9 A 11 -20.00 -8.53 
A 9 A 10 32.66 4.79 
A 9 A 6 -12.66 3.74 
Total: .00 .00 
A 10 A 9 -32.66 -3.67 
A 10 A 20 8.67 3.56 
A 10 A 17 4.77 4.50 
A 10 A 21 16.53 10.02 
A 10 A 22 8.11 4.60 
A 10 A 6 -11.23 -.93 
A 10 A 10 .00 -20.07 
Total: -5.80 -2.00 
A 12 A 13 -20.00 -5.49 
A 12 A 14 8.21 2.85 
A 12 A 15 19.04 6.83 
A 12 A 16 7.82 3.30 
A 12 / 	A 4 -26.27 -14.99 
Total: -11.20 -7.50 
A 14 A 12 -8.13 -2.67 
A 14 A 15 1.93 1.07 
Total: -6.20 -1.60 
A 15 A 12 -18.79 -6.34 
A 15 A 14 - 1.92 -1.06 
A 15 A 18 6.37 1.75 
A 15 A 23 6.15 3.15 
Total: -8.20 -2.50 
A 16 A 12 -7.75 -3.16 
A 16 A 17 4.25 1.36 
Total: -3.50 -1.80 
A 17 A 16 -4.24 -1.33 
A 17 A 10 -4.76 -4.47 
Total: -9.00 -5.80 
A 18 A 15 -6.33 - 1.66 
A 18 A 19 3.13 .76 
Total: -3.20 -.90 
A 19 A 18 -3.12 -.75 
A 19 A 20 -6.38 -2.65 
Total: -9.50 -3.40 
A 20 A 19 6.40 2.68 
A 20 A 10 -8.60 -3.38 
Total: -2.20 -.70 
A 21 A 10 -16.41 -9.75 
A 21 A 22 -1.09 -1.45 
Total: -17.50 -11.20 
A 22 A 10 -8.05 -4.47 
A 22 A 21 1.09 1.45 
A 22 A 24 6.95 3.02 
Total: .00 .00 
A 23 A 15 -6.10 -3.06 
A 23 A 24 2.90 1.46 
Total: -3.20 - 1.60 
A 24 A 22 -6.89 -2.92 
A 24 A 23 -2.89 -1.43 
A 24 A 25 1.08 1.67 
A 24 A 24 .00 -4.02 
Total: -8.70 -6.70 
A 25 A 24 - 1.07 -1.66 
A 25 A 26 3.54 2.37 
A 25 A 27 -2.47 -.71 
Total: .00 .00 
A 26 A 25 -3.50 -2.30 
Total: -3.50 -2.30 
A 27 A 25 2.48 .72 
A 27 A 29 6.21 2.53 
A 27 A 30 7.12 2.89 
A 27 A 28 -15.80 -6.14 
Total: .00 .00 
A 28 A 6 -21.04 -11.10 
A 28 A 8 .32 -4.05 
A 28 BUS 42 4.91 7.87 
A 28 A 27 15.80 7.29 
Total: .00 .00 
A 29 A 27 -6.11 -2.34 
A 29 A 30 3.71 1.44 
Total: -2.40 -.90 
A30 A 27 -6.93 -2.54 
A 30 A 29 -3.67 -1.36 
Total: -10.60 -3.90 
B 3 B 1 -21.25 -13.71 
B 3 B 4 18.85 12.51 
Total: -2.40 -1.20 
B 4 B 2 -20.04 -16.68 
B 4 B 3 -18.79 -13.64 
B 4 B 6 7.73 2.48 
B 4 BUS 21 .47 8.62 
B 4 B 12 23.03 17.62 
Total: -7.60 -1.60 
B 6 B 2 -21.56 -16.96 
B 6 B 4 -7.72 -2.91 
B 6 B 7 30.01 -2.32 
B 6 B 8 -12.60 -2.30 
B 6 B 28 -13.02 24.54 
B 6 B 9 13.29 -2.13 
B 6 B 10 11.61 2.08 
Total: .00 .00 
B 7 B 5 6.97 -11.25 
B 7 B 6 -29.77 .35 
Total: -22.80 -10.90 
B 9 B 11 -20.00 -7.11 
B 9 B 10 33.29 4.63 
B 9 B 6 -13.29 2.48 
Total: .00 .00 
B 10 B 9 -33.29 -3.47 
B 10 B 20 9.29 3.54 
B 10 B 17 6.05 4.42 
B 10 B 21 15.99 10.29 
B 10 B 22 7.76 4.78 
B 10 B 6 -11.61 -1.36 
B 10 B 10 .00 -20.19 
Total: -5.80 -2.00 
B 12 B 13 -20.00 -4.90 
B 12 B 14 7.78 2.88 
B 12 B 15 17.53 6.98 
B 12 B 16 6.52 3.33 
B 12 B 4 -23.03 -15.79 
Total: -11.20 -7.50 
B 14 B 12 -7.70 -2.72 
B 14 B 15 1.50 1.12 
Total: -6.20 -1.60 
B 15 B 12 -17.32 -6.55 
B 15 B 14 -1.50 -1.11 
B 15 B 18 5.75 1.78 
B 15 B 23 4.86 3.39 
Total: -8.20 -2.50 
B 16 B 12 -6.47 -3.23 
B 16 B 17 2.97 1.43 
Total: -3.50 -1.80 
B 17 B 16 -2.96 -1.42 
B 17 B 10 -6.04 -4.38 
Total: -9.00 -5.80 
B 18 B 15 -5.72 -1.70 
B 18 B 19 2.52 .80 
Total: -3.20 -.90 
B 19 B 18 -2.51 -.79 
B 19 B 20 -6.99 -2.61 
Total: -9.50 -3.40 
B 20 B 19 7.01 2.65 
B 20 B 10 -9.21 -3.35 
Total: -2.20 -.70 
B 21 B 10 -15.88 -10.03 
B 21 B 22 -1.62 -1.17 
Total: -17.50 -11.20 
B 22 B 10 -7.70 -4.66 
B 22 B 21 1.62 1.17 
B 22 B 24 6.07 3.49 
Total: .00 .00 
B 23 B 15 -4.82 -3.32 
B 23 B 24 1.62 1.72 
Total: -3.20 -1.60 
B 24 B 22 -6.02 -3.40 
B 24 B 23 -1.62 -1.70 
B 24 B 25 -1.06 2.45 
B 24 B 24 .00 -4.04 
Total: -8.70 -6.70 
B 25 B 24 1.08 -2.43 
B 25 B 26 3.54 2.37 
B 25 B 27 -4.62 .06 
Total: .00 .00 
B 26 B 25 -3.50 -2.30 
Total: -3.50 -2.30 
B 27 B 25 4.64 -.01 
B 27 B 29 6.21 2.52 
B 27 B 30 7.11 2.89 
B 27 B 28 -17.96 -5.40 
Total: .00 .00 
B 28 b o 13.15 -24.73 
B 28 B 8 1.06 -8.80 
B 28 BUS 32 -32.18 26.75 
B 28 B 27 17.96 6.78 
Total: .00 .00 
B 29 B 27 -6.11' -2.34 
B 29 B 30 3.71 1.44 
Total: -2.40 -.90 
B 30 B 27 -6.93 -2.54 
B 30 B 29 -3.67 -1.36 
Total: -10.60 -3.90 
C 3 C 1 -43.55 -7.63 
C 3 C 4 41.15 6.43 
Total: -2.40 -1.20 
C 4 C 2 -43.93 -8.51 
C 4 C 3 -40.93 -7.11 
C 4 C6 34.96 -10.87 
C 4 BUS 95 16.46 8.10 
C 4 C 12 25.84 16.79 
Total: -7.60 -1.60 
C 6 C 2 -51.34 -4.85 
C 6 C 4 -34.80 10.96 
C 6 C 7 5.07 5.73 
C 6 C 8 23.90 -10.95 
C 6 C 28 32.58 -.90 
C 6 C 9 13.09 -2.05 
C 6 C 10 11.50 2.07 











C 9 C 11 -20.00 -6.85 
C 9 C 10 33.09 4.46 
C 9 C 6 -13.09 2.39 
Total: .00 .00 
C 10 C -33.09 -3.31 
C 10 C 23 8.83 3.78 
C 10 C 17 5.01 4.96 
C 10 C 21 16.72 9.75 
C 10 C 22 8.23 4.42 
C 10 C 6 -11.50 -1.37 
C 10 C 10 .00 -20.22 
Total: -5.80 -2.00 
C 12 C 13 -20.00 -4.56 
C 12 C 14 8.17 2.68 
C 12 C 15 18.89 6.26 
C 12 C 16 7.58 2.82 
C 12 C 4 -25.84 -14.71 
Total: -11.20 -7.50 
C 14 C 12 -8.09 -2.51 
C 14 C 15 1.89 .91 
Total: -6.20 -1.60 
C 15 C 12 -18.65 -5.79 
C 15 C 14 -1.88 -.90 
C 15 C 18 6.21 1.54 
C 15 C 23 6.12 2.65 
Total: -8.20 -2.50 
C 16 C 12 -7.52 -2.70 
C 16 i 	C 17 4.02 .90 
Total: -3.50 -1.80 
C 17 C 16 -4.01 -.87 
C 17 C 10 -4.99 -4.93 
Total: -9.00 -5.80 
C 18 C 15 -6.17 -1.45 
C 18 C 19 2.97 .55 
Total: -3.20 -.90 
C 19 C 18 -2.97 -.54 
C 19 C 20 -6.53 -2.86 
Total: -9.50 -3.40 
C 20 C 19 6.55 2.89 
C 20 C 10 -8.75 -3.59 
Total: -2.20 -.70 
C 21 C 10 -16.60 -9.49 
C 21 C 22 -.90 -1.71 
Total: -17.50 -11.20 
C 22 C 10 -8.17 -4.30 
C 22 C 21 .90 1.71 
C 22 C 24 7.26 2.58 
Total: .00 .00 
C 23 C 15 -6.07 -2.57 
C 23 C 24 2.87 .97 
Total: -3.20 -1.60 
C 24 C 22 -7.20 -2.48 
C 24 C 23 -2.86 -.94 
C 24 C 25 1.36 .77 
C 24 C 24 .00 -4.05 
Total: -8.70 -6.70 
C 25 C 24 -1.36 -.77 
C 25 C 26 3.54 2.37 
C 25 C 27 -2.18 -1.60 
Total: .00 .00 
/ 
.0 26 C 25 -3.50 -2.30 
Total: -3.50 -2.30 
C 27 C 25 2.19 1.62 
C 27 C 29 6.21 2.52 
C 27 C 30 7.11 2.89 
C 27 C 28 - 15.51 -7.03 
Total: .00 .00 
C 28 C 6 -32.40 .87 
C 28 C 8 -4.76 -2.87 
C 28 BUS 82 21.65 -6.16 
C 28 C 27 15.51 8.16 
Total: .00 .00 
C 29 C 27 -6.11 -2.34 
C 29 C 30 3.71 1.44 
Total: -2.40 -.90 
C 30 C 27 -6.93 -2.54 
C 30 C 29 -3.67 -1.36 
Total: -10.60 -3.90 
D 3 D 1 -9.58 -8.31 
D 3 D 4 7.18 7.11 
Total: -2.40 -1.20 
D 4 D 2 -21.55 -7.27 
D 4 D 3 -7.17 -8.36 
D 4 D 6 .-16.06 -3.86 
D 4 BUS 51 15.36 3.51 
D 4 D 12 21.82 14.38 
Total: -7.60 -1.60 
D 6 D 2 -17.51 -6.67 
D 6 D 4 16.09 3.52 
D 6 D 7 -8.09 7.98 
D 6 D 8 -25.03 -10.05 
D 6 D 28 7.75 6.79 
D 6 D 9 14.50 -3.24 
D 6 D 10 12.29 1.68 
Total: .00 .00 
D 7 D 5 -30.93 -.37 
D7 D 6 8.13 -10.53 
Total: -22.80 -10.90 
D 9 D 11 -20.00 -8.36 
D 9 D 10 34.50 4.69 
D 9 D 6 -14.50 3.67 
Total: .00 .00 
D 10 D 9 -34.50 -3.44 
D 10 D 20 9.71 3.50 
D 10 D 17 6.74 4.39 
D 10 D 21 16.48 9.96 
D 10 D 22 8.07 4.56 
D 10 D 6 -12.29 -.88 
D 10 D 10 .00 -20.09 
Total: -5.80 -2.00 
D 12 -20.00 -7.69 
D 12 D 14 7.66 2.84 
D 12 D 15 17.13 6.86 
D 12 D 16 5.83 3.35 
D 12 D 4 -21.82 -12.86 
Total: -11.20 -7.50 
D 14 D 12 -7.58 -2.68 
D 14 D 15 1.38 1.08 
Total: -6.20 -1.60 
D 15 D 12 -16.92 -6.45 
D 15 D 14 -1.38 -1.08 
D 15 D 18 5.34 1.83 
D 15 D 23 4.76 3.20 
Total: -8.20 -2.50 
D 16 D 12 -5.79 -3.27 
D 16 D 17 . 2.29 1.47 
Total: -3.50 -1.80 
D 17 D 16 -2.28 -1.45 
D 17 D 10 -6.72 -4.35 
Total: -9.00 -5.80 
D 18 D 15 -5.31 -1.76 
D 18 D 19 2.11 .86 
Total: -3.20 -.90 
D 19 D 18 -2.11 -.85 
D 19 D 20 -7.39 -2.55 
Total: -9.50 -3.40 
D 20 • 	D 19 7.41 2.59 
D 20 D 10 -9.61 -3.29 
Total: -2.20 -.70 
D 21 D 10 -16.35 -9.70 
D 21 D 22 -1.15 -1.50 
Total: -17.50 -11.20 
D 22 D 10 -8.01 -4.44 
D 22 D 21 1.15 1.50 
D 22 D 24 6.86 2.93 
Total: .00 .00 
D 23 D 15 -4.73 -3.14 
D 23 D 24 1.53 1.54 
Total: -3.20 -1.60 
D 24 D 22 -6.80 -2.84 
D 24 D 23 -1.52 -1.52 
D 24 D 25 -.38 1.69 
D 24 D 24• .00 -4.02 
Total: -8.70 -6.70 
D 25 D 24 .38 -1.68 
D 25 D 26 3.54 2.37 
D 25 D 27 -3.92 -.69 
Total: .00 .00 
D 26 D 25 -3.50 -2.30 
Total: -3.50 -2.30 
D 27 D 25 3.94 .73 
D 27 D 29 6.21 2.52 
D 27 ' 	D 30 7.11 2.89 
D 27 D 28 -17.26 -6.14 
Total: .00 .00 
D 28 D 6 -7.73 -7.37 
D 28 D 8 -7.61 -4.94 
D 28 BUS 59 -1.92 4.86 
D 28 D 27 17.26 7.46 
Total: .00 .00 
D 29 D 27 -6.11 -2.34 
D 29 D 30 3.71 1.44 
Total: -2.40 -.90 
D 30 D 27 -6.93 -2.54 
D30 D 29 -3.67 -1.36 
Total: -10.60 -3.90 
E 4 E 2 -39.97 -13.16 
E 4 E 3 31.15 -6.00 
E 4 E 5 -81.51 7.92 
E 4 E 7 27.04 -8.54 
E 4 E 9 15.49 -.23 
Total: -47.80 -20.00 
E 5 E 1 -51.74 -18.47 
E 5 E 2 -20.52 -16.39 
E 5 E 4 82.44 -6.23 
E 5 BUS 90 -63.57 27.67 
E 5 E 6 45.80 11.82 
Total: -7.60 -1.60 
E 7 E 8 .00 -15.43 
E 7 E 9 27.04 5.23 
E 7 E 4 -27.04 10.20 
Total: .00 .00 
E 9 E 7 -27.04 -4.43 
E 9 E 10 4.27 3.10 
E 9 E 14 8.76 2.91 
E 9 E 4 -15.49 1.53 
E 9 E 9 .00 -19.70 
Total: -29.50 -16.60 
E 10 E 9 -4.26 -3.07 
E 10 E 11 -4.74 -2.73 
Total: -9.00 -5.80 
E 11 E 6 -8.26 -4.58 
E 11 E 10 4.76 2.78 
Total: -3.50 -1.80 
E 12 E 6 —7.88 —2.48 
E 12 E 13 1.78 .88 
Total: —6.10 —1.60 
E 13 E 6 —18.05 —7.39 
E 13 E 12 —1.77 —.88 
E 13 E 14 6.32 2.47 
Total: —13.50 —5.80 
E 14 E 9 —8.65 —2.69 
E 14 8 13 —6.25 —2.31 
Total: —14.90 —5.00 
System losses: 	153.79 —584.89 
R*I**2,X*I**2: 153.79 	872.16 
Appendix H 
250 Bus Network 
PD = 1.25 ' PDlow 
OD = 1.40 %low 
R.1 Bus Oriented Results 
H.2 Line Flow Results 
Time for input: 3.05 	- 
Time for compact: 	.27 
Time for factorization: 	.32 
o. of iterations: 34 
aximum mismatch (in pu): 9.0E-05 9.7E-04 
Time for solution: 	.95 
xecution time: 4.60 
base : 100. 
Bel Vice Voltage Generation QGmin QGmax Load 
US 69 1.035 30.00 348.95 -47.85 
US 1 .960 .950- 4.76 .00 35.00 -5.00 35.00 63.75 37.80 
US 4 .998 .998 11.91 50.00 33.16 -300.00 300.00 37.50 16.80 
US 6 .990 .983- 8.00 .00 50.00 -13.00 50.00 65.00 30.80 
US 8 1.015 1.015 19.51 40.00 224.83 -300.00 300.00 .00 14.00 
US 10 1.055 1.055 38.53 570.00 60.69 -147.00 200.00 .00 .00 
US 12 .990 .978- 7.01 85.00 120.00 -35.00 120.00 58.75 28.00 
JS 15 .970 .970 5.99 .00 47.02 -10.00 50.00 112.50 56.00 
JS 18 .973 .973 6.25 .00 37.93 -16.00 50.00 75.00 47.60 
JS 19 .960 .968+ 5.31 .00 -8.00 -8.00 24.00 56.25 35.00 
JS 24 .992 .992 19.48 49.00 13.35 -300.00 300.00 .00 .00 
IS 25 1.050 1.050 25.93 220.00 86.72 -47.00 140.00 .00 .00 
35 26 1.015 1.015 29.12 420.00 23.32-1000.00 1000.00 .00 .00 
1S 27 .968 .968 11.89 45.00 12.54 -300.00 300.00 25.00 18.20 
1S 31 .967 .967 7.36 7.00 63.98 -300.00 300.00 53.75 37.80 
1S 32 .963 .963 9.05 .00 27.50 -14.00 42.00 73.75 32.20 
15 34 .984 .984 8.50 .00 15.54 -8.00 24.00 73.75 36.40 
1S 36 .980 .978- 8.00 .00 24.00 -8.00 24.00 38.75 23.80 
1S 40 .970 .970 7.48 .00 -6.64 -300.00 300.00 25.00 32.20 
15 42 .985 .985 9.26 .00 37.96 -300.00 300.00 46.25 32.20 
1S 46 1.080 1.066- 17.03 89.00 100.00 -100.00 100.00 35.00 14.00 
15 49 1.025 1.025 20.58 300.00 55.58 -85.00 210.00 108.75 42.00 
IS 54 .970 .970 15.11 48.00 40.23 -300.00 300.00 141.25 72.80 
IS 55 .970 .969- 14.82 .00 23.00 -8.00 23.00 78.75 30.80 
IS 56 .970 .972+ 15.24 .00 -8.00 -8.00 15.00 105.00 53.20 
IS 59 .985 .985 18.02 155.00 109.94 -60.00 180.00 346.25 158.20 
IS 61 .995 .995 22.91 160.00 14.28 -100.00 300.00 .00 .00 
IS 62 .998 .996- 21.74 .00 30.00 -20.00 30.00 96.25 33.60 
S 65 1.005 1.005 28.96 500.00 143.69 -67.00 200.00 .00 .00 
IS 66 1.050 1.050 26.98 500.00 28.22 -67.00 200.00 48.75 25.20 
S 70 .984 .984 23.06 .00 24.60 -10.00 32.00 82.50 28.00 
S 72 .980 .980 24.43 43.00 -23.24 -100.00 100.00 .00 .00 
S 73 .991 .991 24.89 37.00 .94 -100.00 100.00 .00 .00 
S 74 .975 .962- 20.78 .00 39.00 -6.00 39.00 85.00 37.80 
S 76 .953 .951- 21.63 .00 53.00 -8.00 53.00 85.00 51.80 
S 77 1.006 1.006 29.83 .00 58.88 -20.00 70.00 76.25 28.00 
S 80 1.040 1.040 33.81 600.00 218.20 -165.00 280.00 162.50 78.40 
S 85 1.020 1.018- 36.77 .00 23.00 -8.00 23.00 30.00 21.00 
S 87 1.015 1.015 35.63 4.00 -19.33 -100.00 1000.00 .00 .00 
S 89 1.055 1.055 46.39 750.00 118.95 -210.00 300.00 .00 .00 
S 90 .985 .985 40.31 .00 3.54 -300.00 300.00 97.50 72.80 
S 91 .985 .985 41.74 20.00 -43.17 -100.00 100.00 .00 .00 
S 92 1.030 1.030 41.50 .00 15.33 -3.00 20.00 81.25 28.00 
S 99 1.015 1.015 38.41 35.00 -24.54 -100.00 100.00 .00 .00 
S 100 1.017 1.017 38.47 350.00 94.40 -50.00 155.00 46.25 25.20 
BUS 103 1.000 .998- 35.58 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .969- 32.53 .00 53.00 -8.00 53.00 47.50 35.00 
BUS 107 .952 .952 32.04 45.00 14.32 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 33.90 36.00 13.41 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 33.19 55.00 29.13 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 30.04 .00 88.43-1000.00 1000.00 .00 .00 
ti 	1 1.050 1.050 14.47 100.00 36.68 -100.00 100.00 .00 .00 
It 2 1.045 1.033- 11.92 80.00 80.00 -20.00 80.00 27.13 17.78 
k 5 1.010 .994- 7.35 50.00 62.45 -15.00 62.45 117.75 54.60 
8 1.000 .988- 7.44 20.00 85.00 -15.00 85.00 37.50 42.00 
t 	11 1.050 1.050 7.91 20.00 17.24 -10.00 45.83 .00 .00 
k 13 1.050 1.050 5.53 20.00 17.79 -15.00 56.57 .00 .00 
1 	1 1.050 1.049- 3.35 100.00 100.00 -100.00 100.00 .00 .00 
1 2 1.045 1.039- 2.16 80.00 60.00 -20.00 60.00 27.13 17.78 
1 	5 i.uiU .997- -3.30 50.00 62.45 -15.00 62.45 117.75 54.60 
1 . 8 1.010 .989- 1.41 20.00 75.00 -15.00 75.00 37.50 42.00 
t 	11 1.050 1.050 .65 20.00 17.66 -10.00 45.83 .00 .00 
■ 	13 1.050 1.050 -2.06 20.00 18.84 -15.00 56.57 .00 .00 
1 1.050 1.050 41.36 100.00 34.65 -100.00 100.00 .00 .00 
2 1.045 1.045- 40.05 80.00 60.00 -20.00 60.00 27.13 17.78 
5 1.010 1.010 35.53 50.00 50.75 -15.00 62.45 117.75 54.60 
8 1.010 1.004- 33.41 20.00 75.00 -15.00 75.00 37.50 42.00 
11 1.050 1.050 34.10 20.00 14.89 -10.00 45.83 .00 .00 
13 1.050 1.050 31.90 20.00 16.03 -15.00 56.57 .00 .00 
1 1.025 1.019- 17.76 100.00 100.00 -100.00 100.00 .00 .00 
2 1.020 1.020 19.00 80.00 28.64 -20.00 60.00 27.13 17.78 
5 1.010 1.010 21.86 50.00 33.48 -15.00 62.45 117.75 54.60 
8 1.010 1.006- 18.42 20.00 75.00 -15.00 75.00 37.50 42.00 
11 1.050 1.050 17.25 20.00 15.61 -10.00 45.83 .00 .00 
13 1.050 1.050 14.26 20.00 18.28 -15.00 56.57 .00 .00 
1 1.060 1.055- 41.51, 300.00 90.00 -40.00 90.00 25.00 16.80 
2 1.045 1.017- 36.22 40.00 50.00 -40.00 50.00 27.13 17.78 
3 .970 .969- 27.23 .00 70.00 .00 70.00 117.75 54.60 
6 1.040 1.037- 27.24 .00 34.00 -6.00 34.00 14.00 10.50 
8 1.050 1.050 28.24 .00 23.98 -6.00 34.00 .00 .00 
Bus Voltage Load 
US 2 .960 5.66 25.00 12.60 
US 3 .955 6.08 62.50 28.00 
US 5 .999 12.31 50.00 25.20 
US 7 .977 7.17 63.75 19.60 
US 9 1.028 28.91 .00 .00 
US 11 .974 8.01 87.50 32.20 
US 13 .954 6.27 42.50 22.40 
US 14 .971 6.23 17.50 7.00 
US 16 .972 6.79 31.25 14.00 
US 17 .994 9.38 13.75 4.20 
US 20 1.010 3.02 22.50 9.80 
US 21 .984 1.61 55.00 21.00 
US 22 .971 3.66 56.25 18.20 
US 23 .980 16.55 77.50 39.20 
US 28 .957 9.27 21.25 9.80 
US 29 .958 7.50 30.00 19.60 
JS 30 .980 16.43 .00 .00 
JS 33 .966 6.50 28.75 12.60 
JS 35 .977 8.04 41.25 26.60 
JS 37 .989 9.28 .00 .00 
JS 38 .956 15.14 .00 .00 
JS 39 .967 7.45 33.75 15.40 
JS 41 .964 7.03 46.25 14.00 
JS 43 .977 7.25 22.50 9.80 
IS 44 .994 8.51 20.00 11.20 
IS 45 1.000 11.87 103.75 63.00 
JS 47 1.014 19.38 80.00 42.00 
IS 48 1.033 18.30 25.00 15.40 
TS 50 1.003 18.48 21.25 5.60 
15 51 .976 16.12 21.25 11.20 
TS 52 .964 15.01 22.50 7.00 
IS 53 .953 13.94 28.75 15.40 
IS 57 .981 16.14 15.00 4.20 
15 58 .971 15.39 15.00 4.20 
TS 60 .986 21.86 97.50 60.20 
IS 63 .967 22.11 .00 .00 
TS 64 .982 24.26 .00 .00 
IS 67 1.012 21.46 35.00 9.80 
IS 68 1.001 30.05 .00 .00 
IS 	71 .987 23.91 .00 .00 
FS 75 .960 22.31 100.00 35.00 
IS 78 1.000 29.61 88.75 36.40 
IS 79 1.004 30.28 48.75 44.80 
S 81 .993 31.50 .00 .00 
S 82 .992 32.43 67.50 37.80 
S 83 .999 33.36 25.00 14.00 
S 84 1.005 35.41 13.75 9.80 
S 86 1.016 35.15 26.25 14.00 
S 88 1.018 41.30 60.00 35.00 
S 93 1.007 38.70 15.00 9.80 
S 94 .998 36.74 37.50 22.40 
S 95 .986 35.06 52.50 43.40 
S 96 .994 33.97 47.50 21.00 
S 97 1.012 34.46 18.75 12.60 
S 98 .973 33.00 80.00 67.20 
S 101 1.013 38.93 27.50 21.00 
MS 102 1.037 40.77 31.25 4.20 
MS 105 .951 31.86 38.75 47.60 
MS 106 .934 31.29 86.25 50.40 
US 108 .943 30.95 2.50 1.40 
US 109 .940 30.62 60.00 14.00 
US 110 .961 32.44 48.75 35.14 
US 113 .992 9.17 7.50 -8.96 
US 114 .954 8.92 25.00 4.20 
US 115 .953 9.05 43.75 14.00 
US 117 .955 5.06 25.00 11.20 
US 118 .947 21.42 41.25 21.00 
3 1.005 9.76 3.00 1.68 
4 .995 8.83 9.50 2.24 
6 .990 7.99 .00 .00 
7 .980 7.00 28.50 15.26 
9 1.017 5.68 .00 .00 
10 1.003 3.21 7.25 2.80 
12 1.027 4.05 14.00 10.50 
14 1.004 2.93 7.75 2.24 
15 .998 2.79 10.25 3.50 
16 1.007 3.37 4.38 2.52 
17 .997 3.04 11.25 8.12 
18 .983 2.01 4.00 1.26 
19 .979 1.81 11.88 4.76 
20 .984 2.08 2.75 .98 
21 .986 2.63 21.88 15.68 
22 .986 2.64 .00 .00 
23 .981 2.32 4.00 2.24 
24 .969 2.13 10.88 9.38 
25 .964 2.49 .00 .00 
26 .941 1.86 4.38 3.22 
27 .973 3.04 .00 .00 
28 .983 8.11 .00 .00 
29 .940 1.51 3.00 1.26 
30 .919 .43 13.25 5.46 
3 1.003 1.27 3.00 1.68 
4 .993 .93 9.50 2.24 
6 .989 .79 .00 .00 
7 .980 -1.49 28.50 15.26 
9 1.016 -1.59 .00 .00 
10 1.002 -4.09 7.25 2.80 
12 1.025 -3.55 14.00 10.50 
14 1.003 -4.62 7.75 2.24 
15 .997 -4.71 10.25 3.50 
16 1.006 -4.09 4.38 2.52 
17 .996 -4.31 11.25 8.12 
18 .982 -5.42 4.00 1.26 
19 .977 -5.58 11.88 4.76 
20 .983 -5.29 2.75 .98 
21. .984 -4.65 21.88 15.68 
22 .985 -4.63 .00 .00 
23 .979 -5.04 4.00 2.24 
24 .967 -5.02 10.88 9.38 
25 .961 -4.22 .00 .00 
26 .939 -4.85 4.38 3.22 
27 .970 -3.38 .00 .00 
28 .976 2.11 .00 .00 
29 .937 -4.93 3.00 1.26 
30 .915 -6.01 13.25 5.46 
3 1.007 36.32 3.00 1.68 
C 4 .997 35.32 9.50 2.24 
C 6 .998 34.19 .00 .00 
C 7 .992 33.96 28.50 15.26 
C 9 1.021 31.88 .00 .00 
C 10 1.008 29.41 7.25 2.80 
C 12 1.029 30.42 14.00 10.50 
C 14 1.007 29.26 7.75 2.24 
: 15 1.001 29.09 10.25 3.50 
: 16 1.011 29.67 4.38 2.52 
: 17 1.002 29.27 11.25 8.12 
: 18 .987 28.29 4.00 1.26 
: 19 .983 28.06 11.88 4.76 
: 20 .988 28.33 2.75 .98 
: 21 .991 28.81 21.88 15.68 
: 22 .991 28.81 .00 .00 
: 23 .984 28.51 4.00 2.24 
: 24 .974 28.18 10.88 9.38 
: 25 .969 28.09 .00 .00 
: 26 .947 27.47 4.38 3.22 
' 27 .979 28.37 .00 .00 
28 .992 32.99 .00 .00 
29 .947 26.85 3.00 1.26 
30 .925 25.79 13.25 5.46 
3 .996 17.07 3.00 1.68 
4 .992 17.01 9.50 2.24 
6 .996 17.57 .00 .00 
7 .989 18.45 28.50 15.26 
9 1.020 15.02 .00 .00 
10 1.007 12.43 7.25 2.80 
12 1.026 12.77 14.00 10.50 
14 1.004 11.71 7.75 .2.24 
15 .999 11.63 10.25 3.50 
16 1.008 12.31 4.38 2.52 
17 1.001 12.18 11.25 8.12 
18 .985 10.99 4.00 1.26 
19 .981 10.86 11.88 4.76 
20 .986 11.18 2.75 .98 
21 .989 11.83 21.88 15.68 
22 .990 11.84 .00 .00 
23 .982 11.28 4.00 2.24 
24 .972 11.26 10.88 9.38 
25 .969 11.68 .00 .00 
26 .947 11.06 4.38 3.22 
27 .979 12.28 .00 .00 
28 .990 17.38 .00 .00 
29 .947 10.76 3.00 1.26 
30 .925 9.70 13.25 5.46 
4 .967 32.20 59.75 28.00 
5 .979 35.08 9.50 2.24 
7 1.010 28.24 .00 .00 
9 .997 26.17 36.88 23.24 
10 .994 25.99 11.25 8.12 
11 1.010 26.46 4.38 2.52 
12 1.016 26.09 7.63 2.24 
13 1.007 26.01 16.88 8.12 
14 .977 24:74 	. 18.63 7.00 
sower Generated: 7101.95 3599.27 
'ower Demanded: 6852.00 3611.86 
ystem Losses: 249.95 —12.59 
rintout time: 1.30 
BUS 69 BUS 47 67.71 -10.01 
BUS 69 BUS 49 51.19 -12.38 
BUS 69 BUS 70 102.36 21.41 
BUS 69 BUS 75 119.35 28.97 
BUS 69 BUS 77 11.14 24.62 
BUS 69 BUS 68 -2.80 -100.45 
Total: 348.95 -47.85 
BUS 1 BUS 2 -15.69 -6.02 
BUS 1 BUS 3 -48.06 3.21 
Tntal ■ -63.75 -2.81 
BUS 4 BUS 5 -85.80 9.25 
BUS 4 BUS 11 98.30 7.11 
Total: 12.51 16.36 
BUS 6 BUS 5 -135.22 5.56 
BUS 6 BUS 7 70.22 13.62 
Total: -65.00 19.18 . 
BUS 8 BUS 9- -554.94 21.11 
BUS 8 BUS 30 111.50 37.08 
BUS 8 BUS 5 483.44 152.65 . 
Total:-- 40.00 210.83 
BUS 10 	BUS 9 570.00 60.69 
Total: 570.00 60.69 
BUS 12 BUS 11 -72.01 44.01 
BUS 12 BUS 2 41.17 16.38 
BUS 12 BUS 3 12.66 8.68 
BUS 12 BUS 7 -6.22 5.70 
BUS 12 BUS 14 19.57 3.24 
BUS 12 BUS 16 5.82 5.04 
BUS 12 BUS 117 25.26 8.95 
TOtal: 26.25 92.00 
BUS 15 BUS 13 .06 3.31 
BUS 15 BUS 14 -1.98 -2.41 
BUS 15 BUS 17 -133.06 -9.48 
BUS 15 BUS 19 27.73 -3.46 
BUS 15 BUS 33 -5.25 3.06 
Total: -112.50 -8.98 
BUS 18 	BUS 17 -107.24 -11.77 
BUS 18 BUS 19 32.24 2.10 
Total: -75.00 -9.67 
BUS 19 	BUS 18 -32.11 -2.63 
BUS 19 BUS 20 24.78 -41.01 
BUS 19 	BUS 15 -27.63 2.84 
BUS 19 BUS 34 -21.29 -2.21 
Total: -56.25 -43.00 
BUS 24 	BUS 23 100.82 -2.44 
BUS 24 BUS 70 -13.38 .70 
BUS 24 	BUS 72 -38.44 15.09 
Total: 49.00 13.35 
BUS 25 	BUS 23 222.54 64.07 
BUS 25 BUS 27 159.17 38.19 
BUS 25 	BUS 26 -161.70 -15.54 
Total: 220.01 86.71 
BUS 26 	BUS 30 258.31 -1.36 
BUS 26 BUS 25 161.70 24.68 
Total: 420.01 23.32 
BUS 27 	BUS 25 -151.39 -2.41 
BUS 27 BUS 28 50.04 1.56 
BUS 27 	BUS 32 58.21 -10.63 
BUS 27 BUS 115 63.13 5.82 
Total: 20.00 -5.66 
BUS 31 	BUS 17 -24.39 -10.68 
BUS 31 BUS 29 2.03 26.32 
BUS 31 	BUS 32 -24.38 10.54 
Total: -46.75 26.18 
BUS 32 	BUS 23 -101.24 18.70 
BUS 32 BUS 31 24.62 -12.11 
BUS 32 	BUS 27 -57.36 11.64 
BUS 32 BUS 113 -4.77 -14.89 
BUS 32 	BUS 114 6.36 12.19 
BUS 32 B 28 58.64 -20.23 























BUS 36 BUS 35 -3.75 11.52 
BUS 36 BUS 34 -35.00 -11.32 
Total: -38.75 .20 
BUS 40 BUS 37 -19.27 -5.99 
BUS 40 BUS 39 2.02 2.84 
BUS 40 BUS 41 17.34 5.93 
BUS 40 BUS 42 -16.94 -4.76 
BUS 40 A 8 -8.15 -36.86 
Total: -25.00 -38.84 
BUS 42 BUS 40 17.11 .87 
BUS 42 BUS 41 29.35 5.10 
BUS 42 BUS 49 -59.77 2.94 
BUS 42 BUS 49 -59.77 2.94 
BUS 42 A 28 26.84 -6.10 
Total: -46.25 5.76 
BUS 46 BUS 45 80.15 30.17 
BUS 46 BUS 47 -19.78 49.04 
BUS 46 BUS 48 -6.37 18.16 
BUS 46 BUS 46 .00 -11.37 
Total: 54.00 86.00 
BUS 49 BUS 47 • 36.97 6.59 
BUS 49 BUS 42 62.44 .43 
BUS 49 BUS 42 62.44 .43 
BUS 49 BUS 45 80.07 -11.46 
BUS 49 BUS 48 69.13 -40.45 
BUS 49 BUS 50 54.11 10.22 
BUS 49 BUS 51 62.60 14.50 
BUS 49 / 	BUS 54 35.81 8.15 
BUS 49 BUS 54 35.62 6.45 
BUS 49 BUS 66 -129.62 3.50 
BUS 49 BUS 66 -129.62 3.50 
BUS 49 BUS 69 -48.72 11.72 
Total: 191.25 13.58 
BUS 54 BUS 53 17.56 8.67 
BUS 54 BUS 49 -34.82 -11.57 
















BUS 55 BUS 54 -6.64 -.44 
BUS 55 BUS 56 -47.20 -3.77 
BUS 55 BUS 59 -24.91 -3.59 
Total: -78.75 -7.80 
BUS bo bUs 54 26.78 14.22 
BUS 56 BUS 55 47.32 3.78 
BUS 56 BUS 57 -16.48 -4.03 
BUS 56 BUS 58 -2.00 .34 
BUS 56 BUS 59 -18.03 -1.28 
BUS 56 BUS 59 -18.89 -.94 
BUS 56 D 1 -123.70 -73.28 
Total: -105.00 -61.20 
BUS 59 BUS 54 21.64 -.67 
BUS 59 BUS 56 18.32 -3.30 
BUS 59 BUS 56 19.19 -3.29 
BUS 59 BUS 55 25.22 -.38 
BUS 59 BUS 60 -42.65 8.08 
BUS 59 BUS 61 -54.03 5.75 
BUS 59 D 28 4.21 -4.89 
BUS 59 BUS 63 -183.15 -49.56 
Total: -191.25 -48.26 
BUS 61 BUS 59 55.04 -4.94 
BUS 61 BUS 60 141.25 37.13 
BUS 61 BUS 62 51.07 -12.50 
BUS 61 BUS 64 -87.36 -5.41 
Total: 160.00 14.28 
BUS 62 BUS 60 .13 15.50 
BUS 62 BUS 61 -50.84 12.57 
BUS 62 BUS 66 -46.53 -15.55 
BUS 62 / 	BUS 67 .99 -16.12 
Total: -96.25 -3.60 
BUS 65 BUS 38 238.00 3.79 
BUS 65 BUS 64 273.28 44.70 
BUS 65 BUS 68 -116.87 21.13 
BUS 65 BUS 66 105.59 74.07 
Total: 500.01 143.69 
BUS 66 	BUS 49 132.50 8.54 
BUS 66 BUS 49 132.50 8.54 
BUS 66 	BUS 62 47.66 14.41 
BUS 66 BUS 67 105.18 19.04 
BUS 66 	D 5 139.00 21.22 
BUS 66 BUS 65 - 105.59 -68.74 
Total: 451.25 3.02 
BUS 70 	BUS 69 -99.28 -11.86 
BUS 70 BUS 24 13.60 -9.77 
BUS 70 	BUS 71 -40.39 1.00 
'14 BUS 	73 adb..4 30.88 6.17 
BUS 70 	BUS 75 12.68 11.04 
Total: -82.50 -3.40 
BUS 72 	BUS 24 39.32 -16.28 
BUS 72 BUS 71 3.68 -6.95 
Total: 43.00 -23.24 
BUS 73 	BUS 71 37.00 .94 
Total: 37.00 .94 
BUS 74 	BUS 70 -30.46 -7.98 
BUS 74 BUS 75 -54.54 20.27 
BUS 74 	BUS 74 .00 -11.10 
Total: -85.00 1.20 
BUS 76 	BUS 77 -92.43 -2.69 
BUS 76 BUS 118 7.43 3.89 
Total: -85.00 1.20 
BUS 77 	BUS 76 96.63 13.15 
BUS 77 BUS 69 -10.90 -27.15 
BUS 77 	BUS 75 65.49 4.96 
BUS 77 BUS 78 40.38 32.88 
BUS 77 	BUS 80 -153.79 -12.25 
BUS 77 BUS 80 -71.99 -11.17 
BUS 77 	BUS 82 -42.06 30.46 
Total: -76.25 30.88 
BUS 80 	BUS 77 157.79 21.91 
BUS 80 BUS 77 73.53 14.26 
BUS 80 	BUS 79 98.93 33.21 
BUS 80 BUS 96 3.42 22.70 















BUS 85 BUS 83 41.41 .35 
BUS 85 BUS 84 39.55 3.76 
BUS 85 BUS 86 22.43 -5.87 
BUS 85 BUS 88 -76.59 16.69 
BUS 85 BUS 89 -103.53 -14.58 
BUS 85 C 5 46.73 1.66 
Total: -30.00 2.00 
BUS 87 BUS 86 4.00 -19.33 
Total: 4.00 -19.33 
BUS 89 BUS 85 106.01 .14 
BUS 89 BUS 88 140.39 32.82 
BUS 89 BUS 90 65.26 21.47 
BUS 89 BUS 90 122.47 49.18 
BUS 89 BUS 92 187.74 22.54 
BUS 89 BUS 92 59.60 2.06 
BUS 89 C 2 68.53 -9.27 
Total: 750.00 118.95 
BUS 90 BUS 89 -63.00 -18.77 
BUS 90 BUS 89 -118.72 -36.28 
BUS 90 BUS 91 -26.47 7.37 
BUS 90 E 5 110.69 -21.57 
Total: -97.50 -69.26 
BUS 91 BUS 90 26.67 -8.78 
BUS 91 BUS 92 -6.67 -34.40 
Total: 20.00 -43.17 
BUS 92 BUS 89 -184.56 -7.66 
BUS 92 1 	BUS 89 -58.34 -1.49 
BUS 92 BUS 91 7.12 32.55 
BUS 92 BUS 93 62.81 8.95 
BUS 92 BUS 94 55.89 3.94 
BUS 92 BUS 100 18.95 -3.22 
BUS 92 BUS 102 20.88 -17.63 
BUS 92 C 1 -4.00 -28.11 
Total: -81.25 -12.67 
BUS 99 BUS 80 36.93 -21.62 
BUS 99 	BUS 100 -1.93 -2.92 
Total: 35.00 -24.54 
BUS 100 	BUS 92 -18.73 -3.86 
BUS 100 BUS 94 57.99 15.38 
BUS 100 	BUS 98 56.05 12.47 
BUS 100 BUS 99 1.93 1.22 
BUS 100 	BUS 101 -5.53 2.61 
BUS 100 BUS 103 100.41 8.16 
BUS 100 	BUS 104 53.24 11.75 
BUS 100 BUS 106 58.40 21.46 
Total: 303.75 69.20 
BUS 103 	BUS 100 -98.84 -4.67 
BUS 103 BUS 104 34.94 6.52 
BUS 103 	BUS 105 43.14 14.01 
BUS 103 BUS 110 32.01 11.73 
Total: 11.25 27.60 
BUS 104 	BUS 100 -51.91 -11.18 
BUS 104 BUS 103 -34.33 -8.40 
BUS 104 	BUS 105 38.74 37.58 
Total: -47.50 18.00 
BUS 107 	BUS 105 1.63 -1.86 
BUS 107 BUS 106 8.37 4.82 
BUS 107 	BUS 107 .00 -5.44 
Total: 10.00 -2.48 
BUS 111 	BUS 110 36.00 13.41 
Total: 36.00 13.41 
BUS 112 	BUS 110 23.75 10.93 
Total: 23.75 10.93 
• 
BUS 116 	BUS 68 .00 88.43 
Total: .00 88.43 
A 1 	 A 2 85.27 3.20 
A 1 A 3 50.46 14.10 
A 1 	BUS 48 -35.72 19.38 























A 5 A 2 -43.00 -8.42 
A 5 A 7 6.94 5.58 
A5 BUS 44 -31.68 10.70 
Total: -67.75 7.85 
A 8 A6 -21.46 2.84 
A 8 A 28 -4.37 3.07 
A 8 BUS 40 8.33 37.09 
Total: -17.50 43.00 
All A 9 20.00 17.24 
Total: 20.00 17.24 
A 13 A 12 20.00 17.79 
Total: 20.00 17.79 
B 1 B 2 41.13 4.22 
B 1 B 3 25.57 19.25 
B 1 BUS 20 33.30 76.53 
Total: 100.00 100.00 
B 2 B 1 -40.83 -6.20 
B 2 B 4 19.69 18.01 
B 2 B 5 52.57 10.88 
B 2 B 6 21.44 19.53 
Total: 52.87 42.22 
B 5 B 2 -51.30 . -7.71 
B 5 B 7 -16.45 15.56 
Total: -67.75 7.85 
B 8 B 6 23.72 -6.29 
B 8 B 28 -3.56 6.32 
B 8 BUS 22 -37.67 32.97 
Total: -17.50 33.00 
B 11 B 9 20.00 17.66 
Total: 20.00 17.66 
B 13 B 12 20.00 18.84 
Total: 20.00 18.84 
C 1 C 2 42.36 -5.33 
C 1 C 3 53.49 12.61 
C 1 BUS 92 4.15 27.38 
Total: 100.00 34.65 
C 2 C 1 -42.05 3.38 
C 2 C 4 53.71 9.91 
C 2 C 5 44.20 8.25 
C 2 C 6 63.58 6.42 
C 2 BUS 89 -66.56 14.25 
Total: 52.87 42.22 
C 5 C 2 -43.32 -6.75 
C 5 C 7 21.98 4.10 
C 5 BUS 85 -46.42 -1.20 
Total: -67.75 -3.85 
C 8 C 6 -26.75 20.42 
C 8 C 28 4.98 3.27 
C 8 BUS 83 4.27 9.31 
Total: -17.50 33.00 
C 11 C9 20.00 14.89 
Total: 20.00 14.89 
C 13 C 12 20.00 16.03 
Total: 20.00 16.03 
D 1 D 2 -35.39 9.43 
D 1 D 3 9.18 9.36 
D 1 BUS 56 126.20 81.20 
Total: 100.00 100.00 















D 5 D 2 23.55 -11.12 
D5 D 7 43.75 -.35 
D5 BUS 66 -135.05 -9.65 
Total: -67.75 -21.12 
D 8 D 6 39.52 14.80 
D 8 D 28 10.67 4.09 
D 8 BUS 67 -67.70 14.10 
Total: -17.50 33.00 
D 11 D9 20.00 15.61 
Total: 20.00 15.61 
D 13 D 12 20.00 18.28 
Total: 20.00 18.28 
E 1 E 2 173.05 16.66 
E 1 E 5 57.83 21.92 
E 1 BUS 102 44.12 34.62 
Total: 275.00 73.20 
E 2 E 1 -167.78 -2.65 
E 2 E 3 80.62 9.84 
E 2 E 4 44.34 13.74 
E 2 E 5 16.93 15.15 
E 2 BUS 97 38.76 -3.86 
Total: 12.88 32.22 
E 3 E 2 -77.61 -1.45 
E.3 E 4 -40.14 16.85 
Total: -117.75 15.40 
E 6 E 	11 . 11.32 8.70 
E 6 E 12 10.19 4.03 
E 6 E 13 23.47 12.20 
E 6 E 5 -58.99 -1.44 

















BUS 3 BUS 1 48.39 -3.10 
BUS 3 BUS 5 -98.37 -12.87 
BUS 3 • 	LUL 12 -12.52 -12.02 
Total: -62.50 -27.98 
BUS 5 BUS 4 85.93 -8.87 
BUS 5 BUS 3 100.96 21.77 
BUS 5 BUS 6 137.48 3.28 
BUS 5 BUS 11 109.07 6.75 
BUS 5 BUS 8 -483.44 -88.02 
BUS 5 BUS 5 .00 39.90 
Total: -50.00 -25.19 
BUS 7 BUS 6 -69.98 -13.05 
BUS 7 BUS 12 6.22 -6.51 
Total: -63.75 -19.55 
BUS 9 BUS 8 562.29 20.04 
BUS 9 BUS 10 -562.29 -20.03 
Total: .00 .00 
BUS 11 BUS 4 -96.26 -2.09 
BUS 11 BUS 5 -106.64 -.26 
BUS 11 BUS 12 72.45 -43.03 
BUS 11 BUS 13 42.95 13.22 
Total: -87.50 -32.16 
BUS 13 BUS 11 -42.47 -13.39 
BUS 13 BUS 15 -.03 -9.01 
Total: -42.50 -22.40 
BUS 14 BUS 12 -19.48 -4.67 
BUS 14 BUS 15 1.98 -2.32 
Total: -17.50 -6.99 
BUS 16 	BUS 12 







BUS 17 	BUS 15 135.55 16.43 
BUS 17 BUS 16 25.77 3.76 
BUS 17 	BUS 18 108.75 16.71 
BUS 17 BUS 31 24.73 7.97 
BUS 17 	BUS 113 12.40 .66 
BUS 17 BUS 30 -320.96 -49.73 
BUS 17 	BUS 17 .00 .00 
Total: -13.75 -4.20 
BUS 20 	BUS 19 -24.19 40.82 
BUS 20 BUS 21 34.16 23.41 
BUS 20 	B 1 -32.47 -74.02 
Total: -22.50 -9.80 
BUS 21 	BUS 20 -33.84 -24.09 
BUS 21 BUS 22 -30.93 18.63 
BUS 21 	B 4 9.78 -15.55 
Total: -55.00 -21.00 
BUS 22 	BUS 21 31.23 -19.63 
BUS 22 BUS 23 -125.75 34.63 
BUS 22 	B 8 38.27 -33.20 
Total: -56.25 -18.20 
BUS 23 	BUS 22 131.97 -9.57 
BUS 23 BUS 24 -99.43 6.11 
BUS 23 	BUS 25 -214.93 -27.08 
BUS 23 BUS 32 104.89 -8.66 
Total: -77.50 -39.20 
BUS 28 	BUS 27 -49.53 -1.27 
BUS 28 BUS 29 28.28 -8.53 
Total: -21.25 -9.80 
BUS 29 	BUS 28 -28.06 7.23 
BUS 29 BUS 31 -1.94 -26.83 
Total: -30.00 -19.60 
BUS 30 	BUS 8 - 110.81 -80.18 
BUS 30 	BUS 26 -252.97 -31.61 
BUS 30 BUS 38 42.81 20.62 
BUS 30 	BUS 17 320.96 91.17 
Total: .00 .00 
BUS 33 	BUS 15 5.27 -5.99 
BUS 33 BUS 37 -34.02 -6.61 
Total: -28.75 -12.60 
BUS 35 	BUS 36 3.75 -11.76 
BUS 35 bUS .1/ -45.00 -14.84 
Total: -41.25 -26.60 
BUS 37 	BUS 35 45.26 14.73 
BUS 37 BUS 33 34.55 4.91 
BUS 37 	BUS 34 143.86 16.54 
BUS 37 BUS 39 32.12 9.78 
BUS 37 	BUS 40 19.51 2.65 
BUS 37 BUS 38 -275.30 -73.08 
BUS 37 	BUS 37 . .00 24.46 
.00 .00 Total: 
BUS 38 	BUS 30 -42.64 -58.20 
BUS 38 BUS 65 -232.66 -45.97 
BUS 38 	BUS 37 275.30 104.17 
Total: -.01 .00 
BUS 39 	BUS 37 -31.74 -11.11 
BUS 39 BUS 40 -2.01 -4.29 
Total: -33.75 -15.40 
BUS 41 	BUS 40 -17.28 -6.90 
BUS 41 BUS 42 -28.97 -7.10 
Total: -46.25 -14.00 
BUS 43 	BUS 44 -9.78 -7.07 
BUS 43 BUS 34 -12.72 -2.73 
Total: -22.50 -9.80 
BUS 44 	BUS 43 9.85 1.46 
BUS 44 BUS 45 -61.76 9.84 
BUS 44 	A 5 31.90 -12.62 
BUS 44 BUS 44 .00 -9.88 




































Total: -80.00 -42.00 
BUS 48 BUS 46 6.62 -22.58 
BUS 48 BUS 49 -68.05 42.17 
BUS 48 A 1 36.43 - 18.98 
BUS 48 BUS 48 .00 -16.02 
Total: -25.00 - 15.40 
BUS 50 BUS 49 -53.34 -9.96 
BUS 50 BUS 57 32.09 4.36 
Total: -21.25 -5.60 
BUS 51 BUS 49 -60.66 -12.47 
BUS 51 BUS 52 34.13 8.28 
BUS 51 BUS 58 17.08 .11 
BUS 51 D 4 -11.80 -7.12 
Total: -21.25 -11.20 
BUS 52 BUS 51 -33.87 -8.83 
BUS 52 BUS 53 11.37 1.83 
Total: -22.50 -7.00 
BUS 53 BUS 52 -11.31 -5.31 
BUS 53 / 	BUS 54 -17.44 -10.09 
Total: -28.75 -15.40 
BUS 57 BUS 56 16.58 2.01 
BUS 57 BUS 50 -31.58 -6.21 
Total: -15.00 -4.20 
BUS 58 BUS 56 2.00 -2.61 
BUS 58 	BUS 51 -17.00 -1.59 
Total: -15.00 -4.20 
BUS 60 	BUS 59 43.27 -8.86 
BUS 60 BUS 61 -140.68 -34.54 
BUS 60 	BUS 62 -.10 -16.79 
Total: -97.50 -60.20 
BUS 63 	BUS 64 -183.15 -63.88 
BUS 63 BUS 59 183.15 63.88 
Total: .00 .00 
BUS 64 	BUS 63 183.82 51.17 
BUS 64 BUS 65 -271.18 -58.66 
BUS 64 	BUS 61 87.36 7.48 
Total: .00 .00 
BUS 67 	BUS 62 -.94 13.25 
BUS 67 BUS 66 -102.85 -11.32 
BUS 67 	D 8 68.79 -11.72 
Total: -35.00 -9.80 
BUS 68 	BUS 65 117.07 -45.32 
BUS 68 BUS 81 -119.90 36.11 
BUS 68 	BUS 116 .03 -94.73 
BUS 68 BUS 69 2.80 103.94 
Total: .00 .00 
BUS 71 	BUS 70 40.54 -1.26 
BUS 71 BUS 72 -3.66 2.72 
BUS 71 	BUS 73 -36.88 -1.46 
Total: .00 .00 
BUS 75 	BUS 70 -12.54 -13.97 
BUS 75 BUS 69 -113.60 -15.66 
BUS 75 	BUS 74 54.99 -19.73 
BUS 75 BUS 77 -62.91 -1.22 
BUS 75 	BUS 118 34.06 15.58 
Total: -100.00 -35.00 
BUS 78 	BUS 77 -40.28 -32.93 
BUS 78 BUS 79 -48.47 -3.47 
Total: -88.75 -36.40 
BUS 79 	BUS 78 48.60 3.39 
BUS 79 BUS 80 -97.35 -28.03 
BUS 79 	BUS 79 .00 -20.16 
Total: -48.75 -44.80 
BUS 81 	BUS 68 120.20 -65.84 
BUS 81 BUS 80 -120.20 65.84 
Total: .00 .00 
BUS 82 	BUS 77 42.88 -31.01 
BUS 82 BUS 83 -44.80 -3.56 
BUS 82 	BUS 96 -46.39 10.25 
BUS 82 C 28 -19.19 6.22 
BUS 82 	BUS 82 .00 -19.70 
Total: -67.50 -37.80 
BUS 83 	BUS 82 45.03 3.17 
BUS 83 BUS 84 -25.08 4.02 
BUS 83 	BUS 85 -40.69 -1.43 
BUS 83 C 8 -4.26 -9.78 
BUS 83 	BUS 83 .00 -9.97 
Total: -25.00 -14.00 
BUS 84 	BUS 83 25.42 -5.76 
BUS 84 BUS 85 -39.17 -4.04 
Total: -13.75 -9.80 
BUS 86 	BUS 85 -22.25 3.64 
BUS 86 BUS 87 -4.00 -17.64 
Total: -26.25 -14.00 
BUS 88 	BUS 85 77.79 -13.45 
BUS 88 BUS 89 -137.79 -21.55 
Total: -60.00 -35.00 
BUS 93 	BUS 92 -61.82 -7.98 
BUS 93 BUS 94 46.82 -1.82 
Total: -15.00 -9.80 
BUS 94 	BUS 92 -54.46 -3.41 
BUS 94 BUS 93 -46.34 1.52 
BUS 94 	BUS 95 68.71 6.49 
BUS 94 	BUS 96 51.95 -11.80 
BUS 94 BUS 100 -57.37 -15.20 
Total: -37.50 -22.40 
BUS 95 	BUS 94 -68.08 -5.51 
BUS 95 BUS 96 27.00 -23.55 
BUS 95 	C 4 -11.42 -14.35 
Total: -52.50 -43.40 
BUS 96 	BUS 80 -3.20 -26.71 
BUS 96 BUS 82 46.76 -10.67 
BUS 96 	BUS 94 -51.19 11.97 
BUS 96 BUS 95 -26.78 22.81 
BUS 96 	BUS 97 -13.08 -18.39 
Total: -47.50 -21.00 
BUS 97 	BUS 80 6.52 -32.79 
BUS 97 BUS 96 13.17 16.40 
BUS 97 	E 2 -38.44 3.79 
Total: -18.75 -12.60 
BUS 98 	BUS 80 -25.24 -55.83 
BUS 98 BUS 100 -54.76 -11.37 
Total: -80.00 -67.20 
BUS 101 	BUS 100 5.54 -5.93 
BUS 101 BUS 102 -33.04 -15.07 
Total: -27.50 -21.00 
BUS 102 	BUS 92 -20.80 16.45 
BUS 102 BUS 101 33.35 13.37 
BUS 102 	E 1 -43.80 -34.02 
Total: -31.25 -4.20 
BUS 105 	BUS 103 -42.01 -14.43 
BUS 105 BUS 104 -38.43 -37.31 
BUS 105 	BUS 106 22.06 22.49 
BUS 105 BUS 107 -1.63 -2.40 
BUS 105 	BUS 108 21.25 2.12 
BUS 105 BUS 105 .00 -18.07 
Total: -38.75 -47.60 
BUS 106 	BUS 100 -56.05 -18.48 
BUS 106 BUS 105 -21.90 -23.15 




BUS 108 	BUS 105 -21.12 -3.41 
BUS 108 BUS 109 18.62 2.01 
Total: -2.50 -1.40 
BUS 109 	BUS 108 -18.58 -2.57 
BUS 109 BUS 110 -41.42 -11.43 
Total: -60.00 -14.00 
BUS 110 	BUS 103 -31.53 -14.03 
BUS 110 BUS 109 42.00 11.18 
BUS 110 	BUS 111 -35.66 -14.11 
BUS 110 BUS 112 -23.57 -12.64 
BUS 110 	BUS 110 .00 -5.54 
Total: -48.75 -35.14 
BUS 113 	BUS 17 -12.39 -1.37 
BUS 113 BUS 32 4.89 10.33 
Total: -7.50 8.96 
BUS 114 	BUS 32 -6.33 -13.54 
BUS 114 BUS 115 -18.67' 9.34 
Total: -25.00 -4.20 
BUS 115 	BUS 27 -62.43 -4.46 
BUS 115 BUS 114 18.68 -9.54 
Total: -43.75 -14.00 
BUS 117 	BUS 12 -25.00 -11.19 
Total: -25.00 -11.19 
BUS 118 	BUS 75 -33.83 -15.93 
BUS 118 BUS 76 -7.42 -5.07 
Total: -41.25 -21.00 
A 3 	A 1 -49.32 -11.59 
A 3 A 4 46.32 9.91 



















A 6 A 2 -42.68 -11.57 
A 6 A 4 -35.62 -1.75 
A 6 A 7 21.75 3.20 
A 6 A 8 21.52 -3.08 
A 6 A 28 -.23 10.97 
A 6 A 7 19.92 -1.79 
A 6 A 10 15.34 4.01 
Total: .00 .00 
A 7 A 5 -6.89 -9.88 
A 7 A 6 -21.61 -5.38 
Total: -28.50 -15.26 
A 9 A 11 -20.00 -15.92 
A 9 A 10 39.92 13.32 
A 9 A 6 -19.92 2.61 
Total: .00 .00 
A 10 A 9 -39.92 -11.43 
A 10 A 20 11.26 4.39 
A 10 A 17 6.88 5.08 
A 10 A 21 20.11 14.33 
A 10 A 22 9.77 6.64 
A 10 A 6 -15.34 -2.67 
A 10 A 10 .00 -19.13 
Total: -7.25 -2.80 
A 12 A 13 -20.00 -16.88 
A 12 A 14 9.99 4.39 
A 12 A 15 22.84 10.99 
A 12 A 16 8.89 5.88 
A 12 I 	A 4 -35.72 -14.88 
Total: -14.00 -10.50 
A 14 A 12 -9.85 -4.10 
A14 A 15 2.10 1.86 
Total: -7.75 -2.24 















A 16 A 12 -8.79 -5.67 
A16 A 17 4.42 3.15 
Total: -4.38 -2.52 
A 17 A 16 -4.39 -3.09 
A 17 A 10 -6.86 -5.03 
Total: -11.25 -8.12 
A 18 A 15 -7.54 -2.99 
A 18 A 19 3.54 1.73 
Total: -4.00 -1.26 
A 19 A 18 -3.53 -1.71 
A 19 A 20 -8.34 -3.05 
Total: -11.87 -4.76 
A 20 A 19 8.37 3.10 
A 20 A 10 -11.12 -4.08 
Total: -2.75 -.98 
A 21 A 10 -19.90 -13.88 
A 21 A 22 -1.98 -1.80 
Total: -21.87 -15.68 
A 22 A 10 -9.67 -6.43 
A 22 A 21 1.98 1.81 
A 22 A 24 7.69 4.63 
Total: .00 .00 
A 23 A 15 -6.59 -5.25 
A 23 A 24 2.59 3.01 
Total: -4.00 -2.24 
A 24 A 22 -7.60 -4.48 
A 24 A 23 -2.57 -2.97 
A 24 A 25 -.71 1.82 
A 24 A 24 .00 -3.75 
Total: -10.87 -9.38 
A 25 A 24 .72 -1.81 
A 25 A 26 4.44 3.35 
A 25 A 27 -5.16 -1.54 
Total: .00 .00 
A 26 A 25 -4.37 -3.22 
Total: -4.37 -3.22 
A 27 A 25 5.20 1.60 
A 27 A 29 7.84 3.63 
A 27 A 30 8.99 4.17 
A 27 A 28 -22.02 -9.41 
Total: .00 .00 
A .;183 
A 6 .25 -11.53 
A 8 4.40 . -5.07 
A 28 BUS 42 -26.67 4.80 
A 28 A 27 22.02 11.81 
Total: .00 .00 
A 29 A 27 -7.66 -3.30 
A 29 A 30 4.66 2.04 
Total: -3.00 -1.26 
A 30 A 27 -8.66 -3.55 
A 30 A 29 -4.59 -1.91 
Total: -13.25 -5.46 
B 3 B 1 -25.13 -19.60 
B 3 B 4 22.13 17.93 
Total: -3.00 -1.68 
B 4 B 2 -19.26 -22.55 
B 4 B 3 -22.02 -18.90 
B 4 B 6 8.18 7.83 
B 4 BUS 21 -9.70 13.29 
B 4 B 12 33.30 18.09 
Total: -9.50 -2.24 
B 6 B 2 -20.92 -23.90 
B 6 B 4 -8.16 -8.21 
B 6 B 7 45.80 -4.77 
B 6 B 8 -23.65 6.11 
B 6 B 28 -29.14 28.64 
B 6 B 9 20.44 -1.90 
B 6 B 10 15.63 4.03 
Total: .00 .00 
B7 B 5 16.72 -19.20 
B7 B 6 -45.22 3.94 
Total: -28.50 -15.26 
B 9 B 11 -20.00 -16.32 
B 9 B 10 40.44 13.56 
B 9 B 6 -20.44 2.76 
Total: .00 .00 
B 10 B 9 -40.44 -11.62 
B 10 B 20 11.72 4.23 
B 10 B 17 7.85 4.71 
B 10 B 21 19.73 14.71 
B 10 B 22 9.52 6.90 
B 10 B 6 -15.63 -2.64 
B 10 B 10 .00 -19.09 
Total: -7.25 -2.80 
B 12 B 13 -20.00 -17.88 
B 12 B 14 9.67 4.52 
B 12 B 15 21.72 11.48 
B 12 B 16 7.91 6.23 
B 12 B 4 -33.30 -14.85 
Total: -14.00 -10.50 
B 14 B 12 -9.53 -4.25 
B 14 B 15 1.78 2.01 
Total: -7.75 -2.24 
B 15 B 12 -21.34 -10.74 
B 15 B 14 -1.78 -1.99 
B 15 B 18 7.16 3.30 
B 15 B 23 5.71 5.92 
Total: -10.25 -3.50 
B.16 B 12 -7.82 -6.04 
B 16 B 17 3.45 3.52 
Total: -4.37 -2.52 
B 17 B 16 -3.43 -3.47 
B 17 B 10 -7.82 -4.65 
Total: -11.25 -8.12 
B 18 B 15 -7.09 -3.17 
B 18 B 19 3.09 1.91 
Total: -4.00 -1.26 
B19 B18 -3.08 -1.89 
B19 B20 -8.79 -2.87 
Total: -11.87 -4.76 
B 20 B 19 8.82 2.93 
B 20 B 10 -11.57 -3.91 
Total: -2.75 -.98 
B 21 B 10 -19.52 -14.26 
B 21 B 22 -2.36 -1.42 
Total: -21.87 -15.68 
B 22 B 10 -9.42 -6.69 
B 22 B 21 2.36 1.42 
B 22 B 24 7.06 5.27 
Total: .00 .00 
B23 B15 -5.64 -5.79 
B 23 B 24 1.64 3.55 
Total: -4.00 -2.24 
B 24 B 22 -6.97 -5.12 
B 24 B 23 -1.62 -3.50 
B 24 / 	B 25 -2.28 2.99 
B 24 B 24 .00 -3.74 
Total: -10.87 -9.38 
B 25 B 24 2.31 -2.94 
B 25 B 26 4.44 3.35 
B 25 B 27 -6.75 -.41 
Total: .00 .00 
B 26 B 25 -4.37 -3.22 
Total: -4.37 -3.22 
B 27 B 25 6.81 .51 
B 27 B 29 7.84 3.64 
B 27 B 30 8.99 4.18 
B 27 B 28 -23.64 -8.33 
Total: .00 .00 
B 28 B 6 29.43 -28.23 
B 28 B 8 3.60 -8.25 
B 28 BUS 32 -56.67 25.52 
B 28 B 27 23.64 10.97 
Total: .00 .00 
B 29 -B 27 -7.67 -3.31 
B 29 B 30 4.67 2.05 
Total: -3.00 -1.26 
B 30 B 27 -8.66 -3.55 
B 30 B 29 -4.59 -1.91 
Total: -13.25 -5.46 
C 3 C 1 -52.24 -9.64 
C 3 C 4 49.24 7.96 
Total: -3.00 -1.68 
C 4 C 2 -52.11 -10.99 
C 4 C 3 -48.91 -8.32 
C 4 C 6 43.25 -15.20 
C 4 BUS 95 11.48 13.62 
C 4 C 12 36.79 18.65 
Total: -9.50 -2.24 
C 6 C 2 -61.38 -5.79 
C 6 C 4 -43.00 15.62 
C 6 C 7 6.78 4.71 
C 6 C 8 26.89 -20.40 
C 6 C 28 34.92 .92 
C 6 C 9 20.23 .18 
C 6 C 10 15.56 4.76 











C 9 C 11 -20.00 -13.72 
C 9 C 10 40.23 13.08 
C 9 C 6 -20.23 .64 
Total: .00 .00 
C 10 C 9 -40.23 -11.19 
C 10 C 20 11.16 4.74 
C 10 C 17 6.54 5.79 
C 10 C 21 20.69 14.08 
C 10 C 22 10.15 6.47 
C 10 C 6 -15.56 -3.37 
C 10 C 10 .00 -19.32 
Total: -7.25 -2.80 
C 12 C 13 -20.00 -15.19 
C 12 C 14 10.16 4.17 
C 12 C 15 23.41 10.21 
C 12 C 16 9.23 5.16 
C 12 C 4 -36.79 -14.85 
Total: -14.00 -10.50 
C 14 C 12 -10.02 -3.88 
C 14 C 15 2.27 1.64 
Total: -7.75 -2.24 
C 15 C 12 -23.00 -9.41 
C 15 C 14 -2.26 -1.62 
C 15 C 18 7.71 2.78 
C 15 C 23 7.30 4.74 
Total: -10.25 -3.50 
C 16 C 12 -9.13 -4.95 
C 16 ' 	C 17 4.76 2.43 
Total: -4.37 -2.52 
C 17 C 16 -4.73 -2.38 
C 17 C 10 -6.52 -5.74 
Total: -11.25 -8.12 
C 18 C 15 -7.64 -2.64 
C 18 C 19 3.64 1.38 
Total: -4.00 -1.26 
C 19 C 18 -3.63 -1.36 
C 19 C 20 -8.25 -3.40 
Total: -11.87 -4.76 
C 20 C 19 8.28 3.46 
C 20 C 10 -11.03 -4.44 
Total: -2.75 -.98 
C 21 C 10 -20.47 -13.62 
C 21 C 22 -1.40 -2.06 
Total: -21.87 -15.68 
C 22 C 10 -10.05 -6.26 
C 22 C 21 1.40 2.07 
C 22 C 24 8.65 4.19 
Total: .00 .00 
C 23 C 15 -7.22 -4.59 
C 23 C 24 3.22 2.35 
Total: -4.00 -2.24 
C 24 C 22 -8.54 -4.03 
C 24 C 23 -3.20 -2.31 
C 24 C 25 .86 :74 
C 24 C 24 .00 -3.79 
Total: -10.87 -9.38 
C 25 C 24 -.86 -.74 
C 25 C 26 4.44 3.35 
C 25 C 27 -3.58 -2.60 
Total: .00 .00 
C 26 C 25 -4.37 -3.22 
Total: -4.37 -3.22 
C 27 C 25 3.60 2.65 
C 27 C 29 7.83 3.63 
C 27 C 30 8.98 4.17 
C 27 C 28 -20.42 -10.44 
Total: .00 .00 
C 28 C 6 -34.71 - .83 
C 28 C 8 -4.95 -5.31 
C 28 BUS 82 19.24 -6.47 
C 28 C 27 20.42 12.61 
Total: .00 .00 
C 29 C 27 -7.66 -3.30 
C 29 C 30 4.66 2.04 
Total; -3.00 -1.26 
C 30 C 27 -8.66 -3.55 
C 30 C 29 -4.59 -1.91 
Total: -13.25 -5.46 
D 3 D 1 -9.10 -11.09 
D 3 D 4 6.10 9.41 
Total: -3.00 -1.68 
D 4 D 2 -22.92 -11.13 
D 4 D 3 -6.08 -10.63 
D 4 D 6 -23.93 -2.70 
D 4 BUS 51 11.88 5.27 
D 4 D 12 31.55 16.96 
Total: -9.50 -2.24 
D 6 D 2 -17.00 -10.88 
D 6 D 4 24.00 2.50 
D 6 D 7 -14.29 11.31 
D 6 D 8 -39.31 -14.51 
D 6 D 28 7.73 7.46 
D 6 D 9 22.21 -.42 
D 6 D 10 16.67 4.55 
Total: .00 .00 
D 7 D 5 -42.89 -1.62 
D 7 D 6 14.39 -13.64 
Total: -28.50 -15.26 
D 9 D 11 -20.00 -14.40 
D 9 D 10 42.21 12.98 
D 9 D 6 -22.21 1.41 
Total: .00 .00 
D 10 D 9 -42.21 -10.92 
D 10 D 20 12.33 4.43 
D 10 D 17 8.83 5.14 
D 10 D 21 20.47 14.23 
D 10 D 22 10.01 6.57 
D 10 D 6 -16.67 -2.97 
D 10 D 10 .00 -19.27 
Total: -7.25 -2.80 
D 12 D 13 -20.00 -17.34 
D 12 D 14 9.50 4.33 
D 12 D 15 21.14 10.82 
D 12 D 16 6.92 5.75 
D 12 D 4 -31.55 -14.06 
Total: -14.00 -10.50 
D 14 D 12 -9.37 -4.06 
D 14 D 15 1.62 1.82 
Total: -7.75 -2.24 
D 15 D 12 -20.78 -10.12 
D 15. D 14 -1.62 -1.81 
D 15 D 18 6.55 3.12 
D 15 D 23 5.60 5.31 
Total: -10.25 -3.50 
D 16 D 12 -6.84 -5.60 
D16 D17 2.47 3.08 
Total: -4.37 -2.52 
D 17 D 16 -2.46 -3.05 
D 17 D 10 -8.79 -5.07 
Total: -11.25 -8.12 
D 18 D 15 -6.49 -3.01 
D 18 D 19 2.49 1.75 
Total: -4.00 -1.26 
D 19 D 18 -2.49 -1.73 
D 19 D 20 -9.39 -3.03 
Total: -11.88 -4.76 
D 20 D 19 9.42 3.09 
D 20 D 10 -12.17 -4.07 
Total: -2.75 -.98 
D21. D 10 -20.25 -13.77 
D 21 D 22 -1.62 -1.91 
Total: -21.88 -15.68 
D 22 D 10 -9.90 -6.36 
D 22 D 21 1.62 1.91 
D 22 D 24 8.28 4.45 
Total: .00 .00 
D 23 D 15 -5.54 -5.19 
D 23 D 24 1.54 2.95 
Total: -4.00 -2.24 
D 24 D 22 -8.18 -4.29 
D 24 D 23 -1.52 -2.92 
D 24 D 25 -1.18 1.60 
D 24 D 24 .00 -3.78 
Total: -10.87 -9.38 
D 25 D 24 1.18 -1.59 
D 25 D 26 4.44 3.35 
D 25 D 27 -5.63 -1.75 
Total: .00 .00 
D 26 D 25 -4.38 -3.22 
Total: -4.38 -3.22 
D 27 D 25 5.67 1.83 
D 27 D 29 7.83 3.63 
D 27 D 30 8.98 4.16 
D 27 D 28 -22.48 -9.62 
Total: .00 .00 
D 28 D 6 -7.71 -8.03 
D 28 D 8 -10.58 -5.95 
D 28 BUS 59 -4.19 1.89 
D 28 D 27 22.48 12.09 
Total: .00 .00 
D29 D27 -7.66 -3.30 
D29 D30 4.66 2.04 
Total: -3.00 -1.26 
D 30 D 27 -8.66 -3.55 
D30 D 29 -4.59 -1.91 
Total: -13.25 -5.46 
E 4 E 2 -43.10 -13.66 
E 4 E 3 41.54 -16.53 
E 4 E -109.97 9.72 
E 4 E 7 32.99 -8.66 
E 4 E 9 18.79 1.13 
Total: -59.75 -28.00 
E 5 E 1 -55.91 -19.09 
E 5 E 2 -16.61 -17.58 
E 5 E 4 111.71 -5.44 
-E 5 BUS 90 -107.68 30.28 
E 5 E 6 58.99 9.59 
Total: -9.50 -2.24 
E 7 E 8 .00 -23.06 
E 7 E 9 32.99 11.91 
E 7 E 4 -32.99 11.15 
Total: .00 .00 
E 9 E 7 -32.99 -10.58 
E 9 E 10 4.55 2.49 
E 9 E 14 10.36 2.92 
E 9 E 4 -18.79 .85 
£ 9 E 9 .00 -18.90 
Total: -36.87 -23.24 
E 10 E 9 -4.54 -2.46 
E 10 E 11 -6.71 -5.66 
Total: -11.25 -8.12 
E 11 E 6 -11.14 -8.33 
E 11 E 10 6.77 5.81 
Total: -4.38 -2.52 
E 12 E 6 -10.05 -3.75 
E 12 E 13 2.43 1.51 
Total: -7.63 -2.24 
E 13 E 6 -23.04 -11.36 
E 13 E 12 -2.41 -1.49 
E 13 E 14 8.58 4.73 
Total: -16.88 -8.12 
E 14 -10.21 -2.60 
E 14 E 13 -8.42 -4.40 
Total: -18.62 -7.00 
System losses: 	249.95 	-12.44 
R*I**2,X*I**2: 249.95 1423.70 
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1. 	INTRODUCTION 
The main purpose of this project is to provide an estimation of the 
basic computational cycle time required for a real time power 
network simulator. Such a simulator would be based on two main 
software blocks: 
- a dynamic module simulating the various regulators present in the 
network. 
- a steady state load flow to determine the exact state of the 
system a regular time intervals following the actions of the 
regulators, following external random events, and following 
various control actions taken by the student dispatcher. 
The bulk of the computational cycle time will be taken by the load 
flow soluton procedure. Therefore, this project will be centered 
around the estimation of the required CPU times to carry out various 
steady state solutions. 
Chapter 2 of this report provides a brief description of the load 
flow program used for this project. Primary emphasis is put on the 
input output formats of program FDLF Version 100. 
A validation of program FDLF is provided in Chapter 3 using the raw 
data from the so-called IEEE 118 Bus Test Network. 
A special 250 Bus Network was constructed to carry out the cycle 
time tests. The actual construction procedure for this network, 
which is based on the IEEE 118 Bus, IEEE 30 Bus, and IEEE 14 Bus 
Networks, is discussed in Chapter 4. In Chapter 4, the three 
different base case load and generation situations are also 
presented. 
Chapter 5 actually presents the required CPU cycle times for the 
three base cases and for four separate contingencies for each of the 
three base cases. As a result, a total of 15 load flow solutions 
are presented and discussed. In addition, the influence of the 
convergence test accuracy on the solution time is investigated along 
with the influence of the transmission line X/R ratio. Finally, the 
combined effect of these two parameters is discussed. 
Finally, in Chapter 6, two benchmark programs are presented which 
will enable a comparison of the computational speed of Georgia 
Tech's CDC CYBER 180/855, used for this project, with that of other 
computers. 
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2. 	LOAD FLOW PROGRAM 
The load flow program used for the purposes of this project is 
called FDLF version 100. FDLF has the following features: 
- Uses the so-called Fast Decoupled Load Flow formulation first 










are set to zero. 
Furthermore, the two "diagonal" Jacobian submatrices are kept at 
their constant values throughout the solution procedure such 
that: 
ap/ad = B' and aQ 	B" /ay 
- Uses an optimum storage technique to minimize the "filling" 
process during the Gaussian elimination procedure. 
- The solution of each of the two decoupled sets of linear 
equations at each iteration is done by forward-backward 
substitutions. 
- The trigonometric functions required during the load flow 
formulations are explicitely coded in the program using limited 
Taylor expansion series rather than relying on Fortran Library 
functions. 
- FDLF is coded in Fortran 77 and is running on a CDC CYBER 180/855 
for the purposes of this study. The Fortran compiler optimizer 
option was used to minimize the required execution time. 
2.1. 	Inputs Required 
Program FDLF uses the following input structure, where all data is 
entered in the so-called free format: 
Record 1: General bus data information 
NN: number of nodes 
NG: number of generator buses (PV buses) 
SBASE: 	base MVA, generally set to 100 
EPSabsolute mismatch error allowed on real powers 
EBBIlolute mismatch error allowed on reactive powers 
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Record 2: Slack bus data 
Bus Name, in alphanumeric format 
VS: slack bus voltage magnitude, in pu 
AS: slack bus phase angle, in degrees 
Records 3 to NG+2: Generator (PV) bus data 
Bus Name, in alphanumeric format 
PG: real power generation, in MW 
QGMIN: minimum reactive power generation limit, in 
MVAR 
QGMAX: maximum reactive power generation limit, in 
MVAR 
PD: real power demand, in MW 
QD: reactive power demand, in MVAR 
VSPEC: specified voltage magnitude, in pu 
Records NG+3 to NN+1: Load bus data 
Bus Name, in alphanumeric format 
PD: real power demand, in MW 
QD: reactive power demand, in MVAR 
Record NN+2: General element data information 
NL: number of transmission lines 
NT: number of transformers 
NS: number of shunt elements 
Records NN+3 to NN+NL+2: Transmission line data 
Starting Bus Name, in alphanumeric format 
Ending Bus Name, in alphanumeric format 
RL: transversal resistance, in %, based on 
SBASE 
XL: transversal reactance, in %, based on SBASE 
QC: total charging reactive power for the line 
at 1 pu voltage at both ends 
Records NN+NL+3 to NN+NL+NT+2: Transformer data 
Starting Bus Name, in alphanumeric format 
Ending Bus Name, in alphanumeric format 
RT: short circuit resistane, in %, based on 
SBASE, and referred to the starting bus 
side 
XT: short circuit reactance, in %, based on 
SBASE and referred to the starting bus side 
TAP: turns ratio of the transformer expressed as 
the ratio of the no-load starting bus 
voltage to the no-load ending bus voltage. 
Records NN+NL+NT+3 to NN+NL+NT+NS+2: Shunt Element Data 
Bus Name, in alphanumeric format 
XS: shunt reactance, given as the reactive 
power injected into the network by the 
device at 1 pu voltage (positive for 
capacitive devices, negative for inductive 
devices). 
2.2 	Output Obtained 
Using the IEEE 30 bus network as an example, the three major output 
listings yielded by program FDLF can be described as follows, where 
the three listings are contained in Appendix A. 
2.2.1 	Element Data 
This listing is separated in three subparts: 
Transmission Lines 
NO: Starting Bus Name 
NE: Ending Bus Name 
R: Transversal resistance, in %, based on 
SBASE 
X: Transversal reactance, in %, based on SBASE 
X/R: Ratio provided for comparative purposes 
wC: Based on the charging reactive power for 
the line at 1 pu voltage at both ends 
Length: Based on EPRI typical data see Appendix B 
Transformers 
NO: Starting Bus Name 
NE: Ending Bus Name 
R: Short circuit resistance, in %, based on 
SBASE and referred to the starting bus side 
X: Short circuit reactance, in %, based on 
SBASE and referred to the starting bus side 
Tap: turns ratio of the transformer expressed as 
the ratio of the no-load starting bus 
voltage to the no-load ending bus voltage. 
Shunt Elements 
NO: Bus Name 
wC: Based on the reactive power injection of 
the device at 1 pu voltage. 
2.2.2 
	
Bus Oriented Results 
The second output listing is oriented toward the bus results. 
Initially, some global convergence results are provided: 
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Time for input: CPU time required to actually read the 
inputs from a sequential input file and to 
store the data into the appropriate 
arrays. This time is of no consequence to 
this project since it is highly machine 
dependent and no effort was expended to 
minimize it, for example, by use of various 
data base structures. 
Time for compact: CPU time required to carry out the various 
compaction processes required to minimize 
the storage requirements. This time is 
only required once per load-flow solution 
before the actual iterative solution 
procedure is started. 
Time for factorization: CPU time required to carry out the actual 
factorizaton and storage of the two 
decoupled Jacobian submatrices B' and B". 
This time is only required once per load-
flow solution before the actual iterative 
solution procedure is started. 
Number of iterations: Total number of iterations required to 
achieve the desired accuracy. Note that 
one solution of the B' and B" equations 
constitutes one iteration. 
Maximum mismatch in PU: Maximum real and reactive power mismatches 
reached at any bus at the solution point. 
Time for solution: CPU time required for the iterative 
solution procedure itself. 
Execution time: Sum of all CPU times listed up to this 
point. 
Next, the actual bus data results are listed: 
Slack Bus Results: 
Bus Name: 
Voltage: magnitude, in pu, and phase angle, in 
degrees 
Generation: PG and QG at the slack bus, in MW and MVAR 
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specified voltage, in pu 
magnitude, in pu, and phase angle, in 
degrees. Note that if the upper reactive 
power limit has been hit, then the voltage 
magnitude has a + attached to it; if the 
lower reactive power unit has been hit, 
then a - is attached to the voltage 
magnitude 
PG, as specified, in MW 
QG, as computed, in MVAR 
as specified, in MVAR 
PD and QD as specified, in MW and MVAR 
Load Bus Results 
Bus Name: 
Voltage: Magnitude, in pu, and phase angle, in 
degrees. 
Load: PD and QD as specified, in MW and MVAR 




Sum of all real and reactive power genera-
tions, in MW and MVAR 
Sum of all real and reactive power demands, 
in MW and MVAR 
Real and reactive total system losses for 
the entire system. Note that a negative 
reactive power loss corresponds to a net 
reactive power production by the system. 
Printout Time: CPU time required to generate all three 
printout files. Again, this time is of no 
consequence for the project on hand. 
2.2.3 	Line Flow Results 
The last output listing gives all line flows related to each bus in 
a sequential order starting with the slack bus, then all PV buses, 
and finally all load buses. 
Note that a shunt element is noted as having the same starting and 
ending bus name. 
Net real and reactive power injections (in MW and MVar), as 
determined from the line flows, are given as well. 
Finally, the system real and reactive power losses are again 
determined along with the actual losses in the transversal 
admittance elements. 
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3. 	LOAD FLOW PROGRAM VALIDATION 
In an effort to provide an illustration of Program FDLF's capabili-
ties, the IEEE 118 Bus Network was simulated. In this case, the 
exact original data, as originally proposed by American Electric 
Power, AEP, was used. This same network will then be used as the 
basis for the building of the 250-bus test network to be used for 
this project. 
The actual data originally provided by AEP, and which was later used 
to "normalize" the IEEE 118 bus case, is attached in Appendix C. It 
should be noted that since this data is very old, the so-called 
Gauss-Seidel solution procedure was used and which explains the 
zati.111. high number of buses with significant mismatches even at the 
solution point. 
The results obtained using the FDLF program are attached in 
Appendix D. As will be obvious from a rapid inspection, the two 
sets of results coincide exactly once the computational errors are 
taken into account. The two best summaries of overall concordance 
probably are the real and reactive power system losses: 
AEP 	FDLF 
PLoss 
	 132.9 	132.5 
"c1Loss - (x*PI) 
	
784.7 	781.3 
and the slack bus real and reactive power generations (BUS 69): 
AEP 	FDLF 
PSlack 	 518.5 	513.5 
Slack 	 -82.7 	-82.40 
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4. 	250 BUS SYSTEM 
The required 250 bus test system was constructed using three 
different IEEE test networks: 
IEEE 118 bus network (see Appendix D) 
IEEE 30 bus network (see Appendix A) 
IEEE 14 bus network (see Appendix E) 
4.1 	Interconnection Between Subsystems 
Using the EPRI standarized line element values for various voltage 
levels, and the X/R ratios for the various lines in all three IEEE 
networks, the following conclusions can be reached: 
- The IEEE 118 bus network primarily contains transmission lines at 
the 345 KV level and at the 115-165 XV level. 
- The IEEE 30 bus network primarily contains transmission lines at 
the 115-165 KV level and at the 33 KV level. 
- The IEEE 14 bus network primarily contains transmission lines at 
the 115-165 KV level and at the 33 KV level. 
As a result, the HV portions of the IEEE 30 and IEEE 14 bus networks 
can be connected with the LV portion of the IEEE 118 bus network. 
The final 250 bus system was then constructed as follows: 
- The basic IEEE 118 bus system, in which the buses are named BUS 1 
through BUS 118. BUS 69 remains the overall system slack bus. 
- Four separate IEEE 30 bus networks, in which the buses are named 
Al through A30, B1 through B30, Cl through C30, D1 through D30 
respectively. Clearly, for each of these networks, the slack bus 
has been converted into a PV bus. 
- One IEEE 14 bus network in which the buses are named El through 
E14. Clearly, the related slack bus has been converted into a PV 
bus. 
Each of these systems, as they are modified, are discussed in the 
next six subsections as far as their bus models are concerned. 
4.1.1 	IEEE 118 Bus Network 
The IEEE 118 bus system has 50 PV buses in its version used for the 
250 bus network. Of these 50 PV buses, 18 are strictly reactive 
power regulators, i.e, their real power generation is set to zero. 
Finally, of the remaining 32 generator buses, four may have negative 
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real power generations to actually simulate a pump/turbine 
situation. The number of negative real power generations was 
significantly reduced from the original IEEE 118 bus case in an 
effort to arrive at a more realistic network. 
In addition, a number of specified voltage magnitudes, VSPEC, were 
changed with respect to the original IEEE 118 bus data, again to 
arrive at a more realistic situation. 
All real and reactive power demands were kept at their original 
values as contained in the original IEEE 118 bus data. 
	
4.1.2 	IEEE 30 Bus Network A 
The A subsystem has 6 true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, some of 
the specified voltage magnitude VSPEC, and power generation data 
have been modified in conjunction with the 250 Bus Network. 
The HV portion of system A is connected to the LV portion of the 
main system as follows: 
Al - BUS 48 
AS - BUS 40 
A2 - BUS 45 
A28 - BUS 42 
AS - BUS 44 
4.1.3 	IEEE 30 Bus Network B 
The B subsystem has 6 true generator buses modeled as PV buses 
In an effort to achieve a more realistic overall network, some of 
the specified voltage magnitudes, VSPEC, and power generation data 
have been modified in conjunction with the 250 Bus Network. 
The HV portion of system B is connected to the LV portion of the 
main system as follows: 
B1 - BUS 20 
B4 - BUS 21 
B8 - BUS 22 
B28 - BUS 32 
4.1.4 	IEEE 30 Bus Network C 
The C subsystem has 6 true generator buses modeled on PV buses. 
In an effort to achieve a more realistic overall network, some of 
the specified voltage magnitudes, VSPEC, and power generation data 
have been modified in conjunction with the 250 Bus Network. 
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The HV portion of system C is connected to the LV portion of the 
main system as follows: 
C28 - BUS 82 
C8 - BUS 83 
C5 - BUS 85 
C2 - BUS 89 
Cl - BUS 92 
C4 - BUS 95 
	
4.1.5 	IEEE 30 Bus Network D 
The D subsystem has 6 true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, some of 
the specified voltage magnitudes, VSPEC, and power generation data 
have been modified in conjuncton with the 250 Bus Network. 
The HV portion of system D is connected to the LV portion of the 
main system as follows: 
D1 - BUS 56 
D4 - BUS 51 
D5 - BUS 66 
D8 - BUS 67 
D28 - BUS 59 
4.1.6 	IEEE 14 Bus Network E 
The E subsystem has five true generator buses modeled as PV buses. 
In an effort to achieve a more realistic overall network, some of 
the specified voltage magnitudes, VSPEC, and power generation data 
have been modified in conjunction with the 250 Bus Network. 
The HV portion of system E is connected to the LV portion of the 
main system as follows: 
El - BUS 102 
E2 - BUS 97 
E5 - BUS 90 
4.2. 	Updated Line Values 
By inspection of the transmission line data extracted from the IEEE 
118 Bus Test Network and from the IEEE 30 Bus Test Network, it is 
clear that some of the line charging values are set to rather 
"unusual" values. To correct for this, the following "algorithm" 
was used: 
1. For each line compute the X/R ratio based on its reactance and 
resistance values as read from the original data files. 
1 0 
2. Based on the values of the X/R ratio and based on the EPRI 
data, contained in Appendix B, the length of the line is 
approximately determined. 
3. Based on this length and the voltage level, determined from the 
X/R ratio, the computed value of wC is determined, wC comp. 
4. If the data read from the original data files, wC, is such 
that: 
0.334 wC comp < wC < 1 .66 wC comp 
Then the actual value of wC is retained as the wC set to be 
used for all future compensations. 
If the value of wC is outside of the range mentioned above, 
then wC set is set to wC comp for all future computations. 
This updating procedure is summarized in Appendix F where the 
values of wC set have an asterix attached to them when the 
value of wC has been set to wC comp. 
4.3 	Summary of Characteristic Dimensions. 
The new 250 Bus System has: 
a. 1 slack bus, BUS 69 
79 PV buses of which 21 are strictly reactive power 
compensators 
172 PQ buses simulating load buses 
252 Buses 
b. 365 transmission lines, modeled by their PI equivalent circuit 
c. 28 transformers, with an off-nominal tap setting 
d. 24 shunt admittance elements 
417 total network elements, or branches 
The resulting branch/node ratio is: 
417/252 - 1.65 
4.4. 	Base Cases 
Three bases cases are defined as follows: 
4.4.1. 	Base Case A 
This base case is characterized as follows: 
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- The real power demands are set at 100% of their values 
specified by the IEEE data. 
- The reactive power demands are set at 100% of their values 
specified by the IEEE data. 
- The real power generations are set at their "low" values. 
- Buses 40, 42, 90, 116 are consuming real power, i.e., they 
function as pumps. 
The solution for Base Case A is given in Appendix G, including all 
Transmission Line data, all Transformer Data, and all Shunt Element 
Data. For all other Appendices relating to results for the 250 Bus 
System the line, transformer, and shunt element data will be 
ommitted and the reader is referred to Appendix G. 
	
4.4.2. 	Base Case B 
This base case is characterized as follows: 
- The real power demands are set at 125% of their values specified 
by the IEEE data. 
- The reactive power demands are set at 140% of their values 
specified by the IEEE data. 	This has the global effect of 
decreasing the system-wide power factor of the system which will 
have a negative impact on the system voltages. 
- The real power generations have been increased at some PV buses 
to yield a set of "high" values. 
- Buses 40, 42, 90, 116 are neither consuming or producing real 
power; they are running as spinning reserve. 
The solution for Base Case B is given in Appendix H. 
4.4.3. 	Bus Case C 
This base case is characterized as follows: 
- The real power demands are set at 130% of their values specified 
by the IEEE data. 
- The reactive power demands are set at 140% of their values 
specified by the IEEE data (same as for base case A). 
- The real power generations are set at their 'high' values (same 
as for the base case B). 
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- Buses 40, 42, 90, 116 are now producing real power, i.e. they 
function as turbines. 
The solution for Base Case C is given in Appendix I. 
5. 	CYCLE TIME EVALUATION 
The cycle time evaluation will be carried out on the basis of the 
following characteristic values for each load flow solution: 
Time for compact, in CPU seconds 
Time for factorization, in CPU seconds 
No. of iterations and Time for solution, in CPU seconds 
It should be noted that the two first times, i.e. the time required 
to compact the B' and B" matrices and the time required to factorize 
these two matrices will not change in a noticeable fashion from one 
solution to the other. However, the number of iterations and the 
time required to reach a solution will clearly depend on the 
severity of the particular case being simulated. The critical time 
is the solution time since the other two operations (compacting and 
factorizaton could be done in a background environment). 
5.1. 	Contingencies Considered 
In addition to the base case, or full system, the following four 
contingencies are considered: 
5.1.1. 	Contingency I: Generation Curtailment 
In this case, the following three generation plants have their 
generations curtailed: 
BUS 10: 50% loss of real power generation 
BUS 59: 100% loss of real power generation 
BUS 80: 50% loss of real powe generation 
This means that for Buses 10 and 80 half of the real power 
generation is lost while the generators remain as PV buses with the 
same respective reactive power generation limits. At Bus 59 all of 
the real power generation is lost, the generator remains connected 
to the network as spinning reserve with the same specified regulated 
voltage and the same reactive power limits. 
For load case A, this corresponds to: 
BUS 10: 225 MW lost 
BUS 59: 155 MW lost 
BUS 80: 223.5 MW lost 
603.5 MW lost or 10.74% of the base case generation 
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For load Cases B and C, this corresponds to: 
BUS 10: 285 MW lost 
BUS 59: 155 MW lost 
BUS 80 300 MW lost 
740 MW lost 
or 10.45% of the base case generation for load case B 
or 10.04% of the base case generation for load case C 
Clearly, Contingency I constitutes a rather severe loss of 
generation which will be felt throughout the system in view of the 
locations of the three generators affected. 
	
5.1.2. 	Contingency II: Single Line Outage 
For this contingency, the transmission line from BUS 25 to BUS 23 is 
removed. 
By inspection of the base case solution for load case C, it is 
apparent that this line outage should have a rather significant 
impact on the system. For load case C, BUS 25 injects 220 MW and 
88.44 MVAR net power into the network. BUS 25 is connected to three 
buses: BUS 23, BUS 27, BUS 26. But, the flow from BUS 25 to BUS 23 
is equal to 229.6 +j65.0 MVA for the base case i.e. practically 
equal to the net injections at BUS 25. Therefore, the removal of 
the line from BUS 25 to BUS 23 should have a significant impact on 
the system. 
5.1.3. 	Contingency III: Double Line Outage 
For this contingency, the two transmission lines from BUS 89 to BUS 
92 are removed. 
Referring to the "high" generation case, BUS 89 is the largest 
generator in the entire system at 750 MW. BUS 89 is connected to 
five other buses as follows: 
BUS 85, by one transmission line 
BUS 88, by one transmission line 
BUS 90, by two parallel, non-identical, transmission lines 
BUS 92, by two parallel, non-identical, transmission lines 
C2, by one transmission line. 
Referring to base case C, the two lines from BUS 89 to BUS 92 
collectively carry the heaviest flow (36.4% of the real power 
injection at BUS 89). Their removal should have a significant but 
moderate impact on the system in view of the other lines still 
available at BUS 89. 
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5.1.4. 	Contingency IV: Triple Line Outage 
For this contingency, the two transmission lines from BUS 89 to BUS 
92 and the transmission line from BUS 89 to BUS 88 are 
simultaneously removed. 
Again, referring to base case C, the transmission corridor from BUS 
88 to BUS 89 carries the second heaviest flow, after the BUS 88 to 
BUS 92 corridor. When both of these transmission routes are 
interrupted, the system impact should be very severe. 
5.2. 	Cases Considered 
Fifteen cases were simulated as follows: 















For each of the contingency simulations, a so-called "hot start" was 
used to better simulate a real time environment. This means that 
for each contingency, the corresponding base case voltage magnitude 
and phase angle solutions were used as initial approximations for 
the load (PQ) bus voltage magnitudes and phase angles for the 
contingency solutions. This means that for the contingency 
solutions, a flat voltage start was not used but rather the base 
case solution was used as the starting point. This was done for all 




5.3.1 	A Cases 
5.3.1.1. Base Case: Flat Voltage Start (Appendix: G) 
Time for compact: 0.25 sec 
Time for factorization: 0.30 sec 
No. of iterations: 9.5 
Time for solutions: 0.26 sec 
This is not a particularly difficult case 
Lowest voltage: 0.954 pu at BUS 109 
Slack Bus injections: 194.15 MW and -35.71 MVAR 
Seven specified voltage levels exceeded 
Three 	specified 	voltage 	levels 	not 
maintained 
System losses: 151.35 MW and -596.66 MVAR 
5.3.1.2. Contingency AI: Hot start based on A (Appendix J) 
Time for compact: 0.26 sec 
Time for factorization: 0.30 sec 
No. of iterations: 5 
Time for solution: 0.23 sec 
This is not a severe contingency 
Lowest voltage: 0.954 pu at BUS 109 
Slack Bus injections: 852.37 MW and -77.50 MVAR 
Seven specified voltage levels exceeded 
Four 	specified 	voltage 	levels 	not 
maintained 
System losses: 176.07 MW and -507.99 MVAR 
5.3.1.3. Contingency AII: Hot Start based on A (Appendix K) 
Time for compact: 0.24 sec 
Time for factorization: 0.29 sec 
No. of iterations: 4.5 
Time for solution: 0.20 sec 
This is not a severe contingency 
Lowest voltage: 0.954 pu at BUS 109 
Slack Bus injections: 204.12 MW and -40.26 MVAR 
Seven specified voltage levels exceeded 
Three 	specified 	voltage 	levels not 
maintained 
System losses: 161.32 MW and -514.49 MVAR 
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5.3.1.4. Contingency AIII: Hot Start based on A (Appendix L) 
Time for compact: 0.24 sec 
Time for factorization: 0.29 sec 
No. of iterations: 7 
Time for solution: 0.28 sec 
This is not a severe contingency 
Lowest voltage: 0.954 pu at BUS 109 
Slack Bus injections: 202.61 MW and -36.71 MVAR 
Six specified voltage levels exceeded 
Five 	specified 	voltage, 	levels 	not 
maintained 
System losses: 159.81 MW and -556.47 MVAR 
5.3.1.5. Contingency AIV: Hot start based on A (Appendix M) 
Time for compact: 0.23 sec 
Time for factorization: 0.29 sec 
No. of iterations: 8 
Time for solution: 0.31 sec 
This is still not a particularly severe contingency 
Lowest voltage: 0.954 pu at BUS 109 
Slack Bus injections: 210.58 MW and -38.16 MVAR 
Six specified voltage levels exceeded 
Six specified voltage levels not maintained 
System losses: 167.76 MW and -512.70 MVAR 
5.3.2. 	B Cases 
5.3.2.1. Base Case: Flat voltage start (Appendix H) 
Time for compact: 0.28 sec 
Time for factorization: 0.33 sec 
No. of iterations: 34 
Time for solutions: 0.95 sec 
This is already a rather severe base case 
Lowest voltage: 0.943 pu at BUS 109 
Slack Bus injections: 328 MW and -50.35 MVAR 
Two specified voltage levels exceeded 
24(1) 	specified 	voltage 	levels 	not 
maintained 
System losses: 245.40 MW and -35.60 MVAR 
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5.3.2.2. Contingency BI: Hot start based on B (Appendix N) 
Time for compact: 0.24 sec 
Time for factorization: 0.29 sec 
No. of iterations: 20 
Time for solution: 0.64 sec 
This is a severe contingency with a general voltage drop throughout 
the entire system. 
Lowest voltage: 0.940 pu at BUS 38 
Slack Bus injections: 1131.31 MW and -65.41 MVAR 
Two specified voltage levels exceeded 
System losses: 308.31 MW and +230.19 MVAR 
5.3.2.3. Contingency BII: HOt start based on B (Appendix 0) 
Time for compact: 0.26 sec 
Time for factorization: 0.29 sec 
No. of iterations: 13 
Time for solution: 0.45 sec 
This is a severe contingency with a general voltage drop through the 
system. 
Lowest voltage: 0.943 pu at BUS 109 
Slack Bus injections: 347.58 MW and -54.16 MVAR 
Two specified voltage levels exceeded 
27 (1) specified voltage levels not 
maintained 
System losses: 264.58 MW and 94.38 MVAR 
5.3.2.4. Contingency BIII: Hot start based on B (Appendix P) 
Time for compact: 0.25 sec 
Time for factorization: 0.30 sec 
No. of iterations: 14 
Time for solution: 0.50 sec 
Again, this is a rather severe contingency with a generalized system 
voltage drop. 
Lowest voltage: 0.943 pu at BUS 109 
Slack Bus injections: 343.91 MW and -52.12 MVAR 
Two specified voltage levels exceeded 
25 (1) specified voltage levels not 
maintained 
System losses: 260.91 MW and 33.23 MVAR 
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5.3.2.5. Contingency BIV: Hot start based on B (Appendix Q) 
Time for compact: 0.24 sec 
Time for factorization: 0.29 sec 
No. of iterations: 22 
Time for solution: 0.76 sec 
This is the most severe of all B related contingencies. 
Lowest voltage: 0.928 pu at BUS 88 
Slack Bus injections: 359.99 MW and -54.73 MVAR 
Two specified voltage levels exceeded 
26 	(1) specified voltage levels not 
maintained 
System losses: 276.99 MW and 119.38 MVAR 
5.3.3. 	C Cases 
5.3.3.1. Base Case: Flat voltage start (Appendix I) 
Time for compact: 0.27 sec 
Time for factorization: 0.32 sec 
No. of iterations: 38 
Time for solution: 1.08 sec 
This is the most difficult base case solution 
Lowest voltage: 0.942 pu at BUS 109 
Slack Bus injections: 115.11 MW and -29.93 MVAR 
Two specified voltage levels exceeded 
29 (1) specified voltage levels not 
maintained 
System losses: 258.67 MW and 31.67 MVAR 
5.3.3.2. Contingency CI: Hot start based on C (Appendix R) 
Time for compact: 0.24 sec 
Time for factorization: 0.30 sec 
No. of iterations: 22 
Time for solution: 0.76 sec 
This is one of the most severe contingencies considered 
Lowest voltage: 0.942 pu at BUS 106 
Slack Bus injections: 915.06 MW and -74.36 MVAR 
Two specified voltage levels exceeded 
31 (1) specified voltage levels not 
maintained 
System losses: 318.62 MW and 265.27 MVAR 
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5.3.3.3. Contingency CII: Hot start based on C (Appendix S) 
Time for compact: 0.23 sec 
Time for factorization: 0.29 sec 
No. of iterations: 14 
Time for solution: 0.49 
This is a severe case but not among the most severe ones considered 
in this study. 
Lowest voltage: 0.942 pu at BUS 109 
Slack Bus injections: 136.34 MW and -32.30 MVAR 
Two specified voltage levels exceeded 
System losses: 279.90 MW and 171.13 MVAR 
5.3.3.4. Contingency CIII: Hot start based on C (Appendix T) 
Time for compact: 0.24 sec 
Time for factorization: 0.29 sec 
No. of iterations: 15 
Time for solution: 0.54 sec 
This is a severe contingency but not among the most severe ones 
considered in this study. 
Lowest voltage: 0.942 pu at BUS 109 
Slack Bus injections: 134.27 MW and -37.98 MVAR 
Two specified voltage levels exceeded 
30 (/) specified voltage levels not 
maintained 
System losses: 277.85 MW and 113.02 MVAR 
5.3.3.5. Contingency CIV: Hot start based on C (Appendix U) 
Time for compact: 0.23 sec 
Time for factorization: 0.28 sec 
No. of iterations: 26 
Time for solution: 0.80 sec 
This is the most severe contingency considered 
Lowest voltage: 0.918 pu at BUS 88 
Slack Bus injections: 153.54 MW and -36.13 MVAR 
Two specified voltage levels exceeded 
32 (1) specified voltage levels not 
maintained 
System losses: 297.10 MW and 215.08 MVAR 
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5.4. 	Summary of Results: 
- As expected, the 'time for compact' and "time for factorization" 
did not vary much form one solution to the other. Indeed, each 
case was executed as a separate simulation. The only discrepan-
cies of these times indicate the relative load of the time 
sharing system used to carry out these simulations. 
The average time for compact was: 0.2457 sec. 
The shortest time was 0.23 sec, the longest time was 0.28 sec. 
The average time for factorization was 0.2967 sec. 
The shortest time was 0.28 sec, the longest time was 0.33 sec. 
It should be noticed that both of these operations can be done in 
a background environment before the actual solution actually 
starts. The average required time would be 0.5433 sec. 
- For the three base case solutions 9.5, 34, respectively 38 
interations were required basically due to the large voltage 
excursions reached with respect to the initial flat voltage start 
used. 
The shortest time for a base case solution was 0.26 sec for case 
A; the longest time for solution was 1.08 sec for case C. 
- For the 12 contingency cases run, the smallest number of 
iterations required was 4.5 (AII) while the largest was 26 
(CIV). The corresponding shortest time for solution was 0.20 sec 
while the longest time for solution was 0.80 sec. 
- The average time per iteration was 0.0351 sec. The longest time 
per iteration was 0.0460 sec while the shortest time per 
iteration was 0.0274 sec. 
- As is clearly evidenced by these results, the fast decoupled load 
flow technique solution time is heavily dependent on: 
- how good the initial assumption for the PQ bus voltages are 
(use hot start). 
- how many PV buses actually hit their respective reactive power 
limits during the solution procedure. 
- how big the imbalance is between the set power generation and 
set power demands, i.e. what the slack bus contribution ends 
up being. 
- other factors are discussed in the next section. 
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5.5. 	Two Other Considerations 
5.5.1. 	Precision Used 
For all previous cases, A, AI-AIV, B, BI-BIV, C, CI-CIV, the maximum 
real power and reactive power mismatch tolerated at any bus at the 
converged solution was limited to 10-  pu. 
Clearly, if this constraint is relaxed, one should expect a more 
rapid convergence. This was verified by running the base casefor 
case C again with the maximum mismatch tolerated set at 10 -2  pu 
instead of the 10-3 previously used. As a result, the convergence 
was obtained in 20 iterations instead of the previous 38 required 
for a 10-3 pu constraint. As can be seen by inspection of Appendix 
V, the results have not suffered noticeably by this change in 
convergence criterion. 
5.5.2 	X/R ratio 
It is well known that the Fast Decoupled Load Flow is based on the 
assumption that the transversal resistance of the transmission 
elements are very much smaller than their transversal reactance. 
For the original 250 Bus System, the highest X/R ratio is no larger 
than 12.5 while the lowest is below 2; not a very favorable 
situation for the Fast Decoupled Load Flow. 
To test for this influence, the program was modified to read in a 
coefficient, r, such that all subsequent transmission line 
resistances be multiplied by r. The base case C was then rerun for 
various values of r, with the following results: 
r=1 	 No. of iterations 38 
0.8 34 
0.7 	 32 
0.6 25 
0.5 	 23 
0.4 21 
0.3 	 21 
0.2 21 
0.1 	 20 
0.05 20 
0.01 	 20 
The influence of the X/R is clearly demonstrated here. 
5.5.3. 	Combined effect 
Finally, the base case C was_ rerunwith all r coefficient set at 0.5 
and with a mismatch tolerance set at 10 -'. For this case only 12 
iterations were required to reach a solution as opposed to 23 when 
the tolerance is at 10-3 for r =4).5, and as opposed to 38 
iterations when the tolerance is at Wa and r = 1. 
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6. 	BENCH MARE PROGRAMS 
In an effort to be able to compare the computational speed of 
Georgia Tech's CDC CYBER 180/855 computer, used for the simulation 
of this study, with that of other computers, two Bench Mark programs 
are included in Appendix W. 
6.1. 	Program Bench 1 
This program computes the sum of all numbers from 1 to 10000 and 
also the sum of the squares of the same numbers. The process is 
repeated 20 times to mask away the overhead time required for the 
timing routines themselves. 
The program, as listed, executed in 0.971 sec while using the same 
compiler (and options) as used for the load program used for the 
study. 
6.2. 	Program Bench 2 
This program computes prime numbers, and is a very well recognized 
test program to evaluate computational speeds of various computers. 
Two versions of the program are given in Appendix W: 
- One version which prints the actual prime numbers to verify the 
proper operation of the code itself. The correspondng output is 
also provided. 
- Another version where the prime numbers detected are no longer 
printed (to avoid the printing overhead which is heavily computer 
and load dependent) and where the range is extended to all 
numbers from 1 to 8191. 	Finally, the process is repeated 10 
times, again to mask out the overhead associated with the timing 
routines themselves. The required CPU time was 0.339 sec. 
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7. 	CONCLUSION 
Based on a Fast Decoupled Load Flow program, the computational cycle 
times for steady state power flow calculations have been evaluated 
in the present report. The evaluations are based on a 250 Bus 
Network specially built for the purposes of this project, and which 
is purely fictitious. 
The computational times are based on a CDC CYBER 180/855 Computer 
using the maximum optimization level of the available Fortran 
compiler. It should be noticed that this machine is running under 
heavy use under timesharing. As a result, the stated computational 
Limes are certainly high estimates which could be reduced by pro-
gramming major portions of the program in 'machine code" and by 
running the code on a dedicated 'real time" computer. 
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Appendix A 
IEEE 30 Bus Network 
A.1. Transmission line data 
Transformer data 
Shunt element data 
A.2. Bus oriented results 






X/R wC*Sbase Length R % X % 
Bus 1 Bus 2 1.920 5.750 2.99 2.640 29.3 
Bus 1 Bus 3 4.520 18.520 4.10 2.040 78.7 
Bus 2 Bus 4 5.700 17.370 3.05 1.840 87.6 
Bus 3 Bus 4 1.320 3.790 2.87 .420 19.8 
Bus 2 Bus 5 4.720 19.830 4.20 2.090 83.1 
Bus 2 Bus 6 5.810 17.630 3.03 1.870 89.2 
Bus 4 Bus 6 1.190 4.140 3.48 .450 19.3 
Bus 5 Bus 7 4.600 11.600 2.52 1.020 66.0 
Bus 6 Bus 7 2.670 8.200 3.07 .850 41.2 
Bus 6 Bus 8 1.200 4.200 3.50 .450 19.5 
Bus 9 Bus 11 .000 20.800 
Bus 9 Bus 10 .000 11.000 
Bus 12 Bus 13 .000 14.000 
Bus 12 Bus 14 12.310 25.590 2.08 16.1 
Bus 12 Bus 15 6.620 13.040 1.97 8.4 
Bus 12 Bus 16 9.450 19.870 2.10 12.4 
Bus 14 Bus 15 22.100 19.970 .90 20.5 
Bus 16 Bus 17 8.240 19.320 2.34 11.5 
Bus 15 Bus 18 10.700 21.850 2.04 13.8 
Bus 18 Bus 19 6.390 12.920 2.02 8.2 
Bus 19 Bus 20 3.400 6.800 2.00 4.4 
Bus 10 Bus 20 9.360 20.900 2.23 12.7 
Bus 10 Bus 17 3.240 8.450 2.61 47.0 
Bus 10 Bus 21 3.480 7.490 2.15 4.6 
Bus 10 Bus 22 7.270 14.990 2.06 9.4 
Bus 21 Bus 22 1.160 2.360 2.03 1.5 
Bus 15 Bus 23 10.000 20.200 2.02 12.9 
Bus 22 Bus 24 11.500 17.900 1.56 13.1 
Bus 23 Bus 24 13.200 27.000 2.05 17.1 
Bus 24 Bus 25 18.850 32.920 1.75 22.6 
Bus 25 Bus 26 25.440 38.000 1.49 28.4 
Bus 25 Bus 27 10.930' 20.870 1.91 13.7 
Bus 27 Bus 29 21.980 41.530 1.89 27.4 
Bus 27 Bus 30 32.020 60.270 1.88 39.8 
Bus 29 Bus 30 23.990 45.330 1.89 29.9 
Bus 8 Bus 28 6.360 20.000 3.14 2.140 99.0 
Bus 6 Bus 28 1.690 5.990 3.54 .650 27.6 
Transformers  
NO NE R % X % Tap 
Bus 6 Bus 9 .000 20.800 .978 
Bus 6 Bus 10 .000 55.600 .969 
Bus 4 Bus 12 .000 25.600 .932 
Bus 28 Bus 27 .000 39.600 .968 





Bus 24 4.000 
Time for input: 	.16 
Time for compact: .01 
Time for factorization: 	.01 
o. of iterations: 4.5 
aximum mismatch (in pu): 1.1E-05 8.2E-05 
Time for solution: 	.01 
xecution time: 	.19 
base : 100. 
Bus 	 Vsp 	Voltage 	 Generation QGmin QGmax 	Load 
IS 1 1.050 .00 98.79 -3.13 
Is 2 1.045 1.045 -1.85 80.00 47.66 -20.00 60.00 21.70 12.70 
is 5 1.010 1.010 -6.51 50.00 19.16 -15.00 62.45 94.20 19.00 
is 8 1.010 1.010 -5.65 20.00 33.75 -15.00 56.57 30.00 30.00 
is 11 1.050 1.050 -4.56 20.00 7.01 -10.00 45.83 .00 .00 
Ls 13 1.050 1.050 -6.32 20.00 3.79 -15.00 56.57 .00 .00 
Bus Voltage Load 
us 3 1.019 -3.77 2.40 1.20 
is 4 1.012 -4.51 7.60 1.60 
IS 6 1.010 -5.34 .00 .00 
is 7 1.002 -6.35 22.80 10.90 
IS 9 1.037 -6.75 .00 .00 
Is 10 1.033 -8.67 5.80 2.00 
is 12 1.045 -7.78 11.20 7.50 
is 14 1.030 -8.72 6.20 1.60 
is 15 1.026 -8.85 8.20 2.50 
4 16 1.033 -8.44 3.50 1.80 
4 17 1.028 -8.82 9.00 5.80 
s 18 1.016 -9.50 3.20 .90 
s 19 1.014 -9.69 9.50 3.40 
s 20 1.018 -9.49 2.20 .70 
s 21 1.021 -9.15 17.50 11.20 
s 22 1.021 -9.15 .00 .00 
s 23 1.015 -9.34 3.20 1.60 
s 24 1.010 -9.65 8.70 6.70 
s 25 1.008 -9.65 .00 .00 
s 26 .990 -10.08 3.50 2.30 
3 27 1.016 -9.38 .00 .00 
; 28 1.005 -5.81 .00 .00 
29 .996 -10.63 2.40 .90 
30 .984 -11.53 10.60 1.90 
4r Generated: 288.79 108.25 
4r Demanded: 283.40 126.20 
tem Losses: 5.39 -17.95 
ntout time: 	.15 
Bus 1 	Bus 2 






Bus 2 	Bus 1 -58.00 9.84 
Bus 2 Bus 4 31.47 9.03 
Bus 2 	Bus 5 45.46 8.24 
Bus 2 Bus 6 39.36 7.85 
Total: 58.30 34.96 
Bus 5 	Bus 2 -44.53 -6.54 
Bus 5 Bus 7 .33 6.69 
Total: -44.20 .16 
Bus 8 	Bus 6 -11.94 3.17 
Bus 8 Bus 28 1.94 .58 
Total: -10.00 3.75 
Bus 11 	Bus 9 20.00 7.01 
Total: 20.00 7.01 
Bus 13 	Bus 12 20.00 3.79 
Total: 20.00 3.79 
Bus 3 	Bus 1 
	
-39.48 	-7.11 
Bus 3 Bus 4 37.08 	5.91  
Total: 	 -2.40 -1.20 
Bus 4 	Bus 2 
Bus 4 Bus 3 
Bus 4 	Bus 6 





25.36 	18.03  
-7.60 -1.60 
Sus 6 	Bus 2 
Sus 6 Bus 4 
Sus 6 	Bus 7 
Sus 6 Bus 8 
Sus 6 	Bus 28 
Sus 6 Bus 9 








11.25 	2.03  
.00 .00 
7 	Bus 5 	 -.30 	-7.67 
7 Bus 6 -22.50 	-3.23  
Total: 	 -22.80 -10.90 
? 	Bus 11 	-20.00 	-6.17 
? Bus 10 32.65 3.96 
? 	Bus 6 	-12.65 	2.21  
Total: .00 .00 
10 	Bus 9 
10 Bus 20 
LO 	Bus 17 
LO Bus 21 
,0 	Bus 22 
:0 Bus 6 
.0 	Bus 10 
Total: 






- 11.25 -1.36 
.00 	-20.30  
-5.80 	-2.00 
.2 	Bus 13 
2 Bus 14 
2 	Bus 15 
2 Bus 16 
2 	Bus 4 
Total:  




- 25.36 	-15.93  
-11.20 	-7.50 
4 	Bus 12 	-7.93 	-2.13 
4 Bus 15 1.73 	.53  
Total: 	 -6.20 -1.60 
5 	Bus 12 	-18.31 	-5.99 
5 Bus 14 -1.72 -.52 
5 	Bus 18 	 6.16 	1.54 
5 Bus 23 5.67 	2.48  
Total: 	 -8.20 -2.50 
6 	Bus 12 	-7.55 	-2.83 
6 Bus 17 4.05 	1.03  
Total: 	 -3.50 -1.80 
7 	Bus 16 
	
-4.04 	-1.00 
7 Bus 10 -4.96 	-4.80  













Bus 19 Bus 18 -2.91 -.54 
Bus 19 Bus 20 -6.59 -2.86 
Total: -9.50 	-3.40 
Bus 20 Bus 19 6.61 2.89 
Bus 20 Bus 10 -8.81 -3.59 
Tctal: -2.20 	-.70 
Bus 21 Bus 10 -16.17 -9.33 
Bus 21 Bus 22 -1.33 -1.87 
Total: -17.50 	-11.20 
Bus 22 Bus 10 -7.89 -4.20 
Bus 22 Bus 21 1.33 1.87 
Bus 22 Bus 24 6.55 2.33 
Total: .00 	.00 
Bus 23 Bus 15 -5.64 -2.40 
Bus 23 Bus 24 2.44 .80 
Total: -3.20 	-1.60 
Bus 24 Bus 22 -6.50 -2.24 
Bus 24 Bus 23 -2.43 -.78 
Bus 24 Bus 25 .23 .41 
Bus 24 Bus 24 .00 -4.08 
Total: -8.70 	-6.70 
,us 25 Bus 24 -.23 -.41 
sus 25 Bus 26 3.55 2.37 
lus 25 Bus 27 -3.32 -1.96 
Total: .00 	.00 
us 26 Bus 25 -3.50 -2.30 
Total: -3.50 -2.30 
is 27 Bus 25 3.33 1.99 
is 27 Bus 29 6.19 1.67 
4 27 	Bus 30 







s 28 	Bus 8 —1.94 —2.74 
; 28 Bus 6 —14.68 —3.76 
s 28 	Bus 27 16.62 6.50 
Total: .00 .00 
29 	Bus 27 —6.10 —1.51 
29 Bus 30 3.70 .61 
Total: —2.40 — .90 
30 	Bus 27 —6.93 —1.36 
30 Bus 29 —3.67 —.54 
Total: —10.60 —1.90 
em losses: 	5.39 	—17.95 
Appendix B 
EPRI Based 
Typical Transmission Line Data 
Using the EPRI report on 
'Synthetic Electric Utility Systems for Evaluating Advanced Technologies' 
EPRI EM-285 
Project TPS-75-615 
February 1977, Final Report 
the following data is extracted: 
Line KV R X X/R Admittance 
%/mile %/mile %/mile 
13 1.25 2.5 X/R < 2.5 0.004 
115-16 1 0.0845 0.413 2.5 < X/R < 	5.5 0.104 
230 0.0245 0.152 5.5 < X/R < 8 0.285 
345 0.00468 0.050 8 < X/R < 14 0.858 
500 and up 0.00126 0.0245 X/R > 14 1.74 
Appendix C 
IEEE (AEP) 118 Bus Network 
Raw Data 
JEEP 118 BUS TEST SYSTEM 
The data for this system, part of American Electric 
Power, is being made available to the electric utility industry 
as a standard test case for evaluating various analytical 
methods and computer programs for the solution of power networks. 
If further information is desired, please contact Mr. Glenn W. Stagg, 
American Electric Power Service Corporation, 2 Broadway, New York •, 
New York, HAnover 2-L800, Ext. 6LO. 
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28 	1p 
34 0 
AEP 118 BUS TEST SYSTEM 
OPERATING CONDITIONS 









1 1.0 0 0 0 
2 1.0 0 0 0 
3 1.0 0 0 0 
1.0 0 0 -, 0 
5 1.0 0 0 0 
6 1.0 0 0 0 
7 1.0 0 0 0 
8 1.0 0 -28 0 
9 1.0 0 0 0 
10 1.0 0 1450 0 
11 1.0 0 0 0 
12 1.0 0 8; 0 
13 1.0 0 • 0: 0 
14 1.0 0 - 	C. 0 
15 1.0 0 0 0 
16 1.0 0 0 0 
17 1.0 0 0 0 
18 1.0 0 0 0 
19 1.0 0 0 0 
20 1.0 0 0 0 
21 1.0 0 0 0 
22 1.0 0 0 0 
23 1.0 0 0 0 
24 1.0 0 -13 0 
25 1.0 0 220 0 
26 1.0 0 314 0 
27 1.0 0 a --, 0 
28 1.0 0 0 0 
2S 1.0 0 0 0 
30 1.0 0 0 0 
31 1.0 0 7 0 
32 1.0 0 0 0 







35 1.0 0 0 0 
36 1.0 0 0 0 
37 1.0 0 0. 0 
38 1.0 0 0 0 
1.0 o 0 0 
1.0 0 -46 0 
1.0 0 0 0 
42 1.0 0 -cc ,,, 0 1,3 1.0 0 0 0 
)04 1.0 0 0 0 
14'- 7 3.0 0 0 0 
46 3 .0 0 15 0 
1. 1.0 0 0 0 
AEP 118 BUST TEST SYSTEM 
OPERATING CCNDIT1ONS 	Contd. 
§14 1*tingL312210 taM-. 
Bus 	Magnitude 	Phase Angle 	Generation 	Load  
pumber Per. Unit Degrees EX Ex at Ex 	Mvar 
1.0 0 0 0 20 11. 
1.0 0 204 0 87 30 
1.0 0 0 0 17  
1.0 0 0 0 17 8 
1.0 0 0 6 18 5 
1.0 . 0 0 0 .23 11  
1.0 0 48 0 113 32 
1.0 0 0 0 63 22 
1.0 0 0 0 84 18 
1.0 0 - 	0 0 12 3 
1.0 0 0 0 12 3 
1.0 0 155 .0 277 113 
1.0 0 0 0 78 3 
1.0 0 160 0 0 0 
1.0 0 0 0 77 14 
1.0 0 0 0 0 0 
1.0 0 0 0 0 0 
1.0 0 391 0 
. 	
0 0 
1.0 0 392 0 39 18 
1.0 0 0 0 28 7 
1.0 0 0 0 0 0 
* 1.035 3o 516. 1! 0 0 0 
1.0 0 0 .0 66 20 
1.0 0 0 0 0 0 
1.0 0 -12 0 0 0 
1.0 0 -6 0 0 0 
1.0 0 0 0 68 27 
1.0 0 0 0 47 11 
1.0 0 0 0 68 36 
1.0 0 0 0 61 28 
1.0 0 0 0 71 26 
1.0 0 0 0 39 12 
1.0 477 0 130 26 
1.0 '0 0 0 0 0 
1.0 0 0 0 51i  27 
1.0 0 0 0 20 10 
1.0 0 0 0 11 7 
1.0 0 0 0 24 15 













1.0 0 607 0 0 0 
1.0 0 -85 0 78 L2 
1.0 0 -10 0 0 0 
1.0 0 0 0 65 10 
1.0 0 0 o 12 7 
1.0 0 0 0 30 16 
1.0 0 0 0 4c 31 
1.0 0 0 0 38 15 
1.0 0 0 0 15 9 


















































AEP 11E BUS TEST SYSTEM 
CP:PATING CONDITIONS Contd. 
Bus 
,',umber 
Starting Bus Voltage 
GeneLgIlon Load Magnitude 
Per Unit 
Phase Angle 
Degrees BE 	Mar BE ✓.Var 
99 1.0 0 -42 0 0 0 
100 1.0 0 252 0 37 18 
101 1.0 0 0 .0 22 15 
102 1.0 0 0 0 5 3 
103 1.0 0 140 0 23 16 
104 1.0 0 0 0 38 25 
105 1.0 0 0 0 31 26 
106 1.0 0 0 0 43 16 
107 1.0 0 -22 0 28 12 
108 1.0 0 0 0 2 1 
109 1.0 0 0 0 8 3 













113 1.0 0 -6 0 0 0 
114 1.0 0 0 0 8 3 
115 1.0 0 0 0 22 7 
116 1.0 0 -184 0 0 0 
11/ 1.0 0 0 0 20 8 
118 1.0 0 0 0 33 15 






• 1 - 2 	
.03030 1 - 3 
.01290 4 - 5 
.00176 
3 - 5 	 .02410 5 - 6 
.01190 6 - 7 	
.00459 8 - 
.00244 
5 - 8 	 0 9 - 10 
	 .00258 4 - 11 
.02090 5 - 11 
.0203o 11- 12 	
.00595 2 - 12 
.01870 3 - 12 	
•04840 7 - 12,• 
.00862 11- 13 	
.02225 12- 11! 
.02150 13- 15 	 .07440 1J-, 15  
12- 16 	 •05950 
15- 17- -02120   .01320 16- 17 	 .04540 17- 18 
.01230 18- 19 	
.01119 19- 20 




.01830 21- 22 
.02090 22- 23 	
.03420 23- 24 
.01350 23- 25 	
01560 25- 26 . .
 25- 27 	
.03180 27- 28 
.01913 28- 2; 	
.02370 17- 30 
8-30 	 0
x0431 26- 30 
.00759 17- 31 	
.0474o 2s- 31 
. 23- 32 	 0108o  
31- 32 .03170
. 27- 32 	 02;80 








.09990 	 .01270- 
.04240 .00541 .00798 	 .00105 
.10800 .01420 
.05400 	 -.00713 
.02080 
.00275 .03050 	 .581oo 
.02670 .9:$-; 0 .03220 	 .61500 
.0688o .00874 .06820 	 .00869 
.01960 .00251 
.06160 	 .00786 
.16000 .02030 
.03400 	 x0437 
.07310 .00938 
.07070 	 .00908 .24440 .03134 
.1950o 	 .02510 
.08340 .01070 04370 	 .02220 .18010 .02330 
.05050 	 .00649 .04930 
.00571 .11700 	 .01490 .03940 .00505 .08490 	 .01080 .09700 .01230 .15900 	 .02020 .04520 
.02490 
.08000 	 .0432o  .03820 
.16300 	 .08820 .08550 
.01080 .09430 	 • 01190 .03880 
. 	
0 
.05040 	 .25700 
.08600 .4540o .15630 	 031995 
•03310 .0041
.11530 	 .05865 
.09850 
.01255 .07550 	 .00963 
.12440 .01597 
'.24.700 	 .03160 





. 1r- 36 	 014150 .0n871 
Reactance 
111:Unal* 
-AEP 118 BUS TEST SYSTEM 
n_10/LIKLmau„NEGMPI HARGILIGA Contd. 
-1 	Line 	 Resistance 
Per Unit** Des 	 Reactance 	Line Charging traie.DAUsw 	
2-ULibi-I!! --EQZUDIIII 34 - 37 	 .00256 	' .00940 	 .92 37- 38 ? 
	
0 004 .03750 	/.: 37- 39 	 .03210 	 .10600 	 .01350 37- 40 .05930 .16800 .02100 3o- 38 •05400 	 .21100 
.00464 
.06050 .00?76 
39-40 	 .01840 
.04870 	 .00611 41- 
4o- 41 
.01450 40- 42 	 .05550 	 .18300 .02330 42 .0410o 
•1300 	.01720 43- 44 	 .06080  3 	 .264540 .03034 4- 43 .04130 	 .16810 .02113 44- 45 .02240 
.13




46- 47 .03800 .12700 	 .01580 47- 49 
46- 48 	 .06010 	 .18900 .02360 .01910 .06250 	 .00802 
.o43oo 
42- 49 	 .0715o 	 •3230o 
.0430o
2 
42- 49 .07150 .32300 L5- 49 	 .06840 	 .18600 	 .0220 
48- 49 
.01790 .05050 .00629 
49- 50 	 .02670 	
.13









53-- 54 .0263o 	 .12200 
. 
1 0- 54 
4- 54 	 .07300 . 




54 - 55 .01690 
.01010 
54- 56 	 .00275 
56- 




5 - 57 	 . 	
. 9660 	 .01210 
50- 57 .-,a)440 	 . 131+00 .01660 




.02550 	 .07190 54 - 59 	 .05030 .22930 56- 59 .08250 	 .25100 	




.02823 59 61 
.03280 
55- 59 .04739 	 .21580 59- 	
.145oo 	 .01880 60- 61 	
.00264 
- 
•15000 .01940 60- 62 
•01350 	 •00728 .01230 	 •05610 .00731. 
61- 62 	 .00824 .03760 .00490 63- 64 	
.00172 	
-er 
53- 0 .03860 	 -J-- 0 .02000 .10800 
61- 64 
0 .02680 	 -..i ., 0 
38- 65 	




9 .0-40=>0 	 190 
L9- 66 	
.01300 	 . .09190 .00 1%40
0 
 .012!÷0 fil* 
-.. 66 
.01E30 





.02580 .11700 . 
AEP 11E BUS TEST SYSTEM 









65- 66 `2 	- . 	• 	0 .03700 ,(1 i 	0 
66- 67 .02240 .10150 .0134 1 
65- 68 .00138 .01600 .31900 
47- 69 .084 140 .27780 .03546 
49- 69 .09850 .324 00 .04140 
68- 69 o .03700 .(1::. 	0 
69- 70 .03000 .12700 .06100 
24- 70 .10221 .41150 .05099 
70- 71 .00882 .03550 .00439 
21 - 72 .04880 .19600 .02440 
71- 72 .04460 .18000 .02222 
71- 73 .00866 .04540 .00589 
70- 74 .04010 .13230 .01684 
70- 75 .04280 .11+100 .01800 
69- .75 .04050 ..12200 .06200 
74- 75 .01230 .04060 .00517 
76- 77 .04440 . 	.1480o .01840 
69- 77 .03090 .10100 .05190 
75- 77 .06010 49990 .02489 
77-. 78 .00376 • .01240 .00632 
78- 79 .00546 .02440 .00324 
77- 80 .01700 .04 850 .0236o 
77- 80 .02940 .10500 .01140 
79:- 80 .01560 .0704o .00935 
68- 81 .00175 .02020 .40400 
80- 81 0 .03700 -,!:, 	o 
77- 82 .02980 .08530 .04087 
82- 83 .01120 .03665 .01898 
83- 84 .0625o .13200 .01290 
83- 85 :04300 .148o0 .01740 
84- 85 .03020 .06410 .00617 
85- 86 .03500 .12300 .01380 
86- 87 .02828 .20740 .02225 
85- 88 .02000 .10200 .01380 
85- 89 .02390 .17300 .02350 
88- 89 .01390 .0712o .00967 
89- 90 .05180 .18800 .02640 
89- 90 .02380 .0997o .05300 
90- 91 .02540 .08360 .01070 
89- 92 - .00990 .05050 .02740 
89- 92 	. .0393o .15810 .0207o 
91- 92 .03870 .12720 .01634 
92- 93 . .0258o .08480 .01090 
92- 94 .04810 .15800 .02030 
93- 94 .02230 .07320 .00938 
94- 95 .0132o .04340 .00555 
80- 96 .03560 .18200 .02470 
Line 
Desivnation 
AEP 118 BUS TEST SYSTEM 







82- 96 '.01620 .05300 .02720 
94- 96 .02690 .08690 .0115o 
Po- 97 .01830 .0934o .01270 
8o- 98 .0238o .1080o .401430 
8o- 99 .0454o .20600 .02730 
92- 100 .06480 .29500 .03860 
91,.- 10o .0178o .0580o .03020 
9.- 96 .01710 .051f70 .00737 
96- 97 .0173o .0885o .01200 
98- 100 .03970 .17900 .0238o 
99, 100 .0180o .08130 .0108o 
100- 101 .02770 .12620 .01640 
92- 102 .01230 .05590 .00732 
101- 102 .02460 .11200 .01470 
100- 103 .01600 .05250 	
. 
.02680 
100- 104 • .04510 -.20400 .02705 
103- 104 .04660 .15840 .02035 
103- 105 .05350 .16250 .02040 
100- 106 .06050 .22900 .03100 
104- 105 .00994 .03780 .00493 
105- 106 .011400 . 	.05470 .00717 
105- 107 .05300 .18300 .02360 
105- 108 .02610 .07030 .00922 
lob- 107 .05300 .18300 .0236o 
108- 109 .0105o .0288o .0038o 
103- 110 .03906 .18130 .02305 
109- no .02780 .0762o .01010 
110-. 111 .02200 • .07550 .01000 
110- 112 .021470 .06400 .03100 
17- 113 .00913 .03010 .00381 4 
32- 113 .06150 .20300 .02590 
32- 114 .0135o .0612o .00814 
27- 115 .01640 .07410 .00986 
114- 115 .0023o .0104o .00138 
68- 116 .0003 14 .00405 .03200 
12- 117 .03290 .14000 .01790 
75- 118 .014 50 .04810 .00599 
76- 118 .016140 .051 4 140 .00678 
* Based on AEP System for Total Loss Formula June 1962 
** Impedance and line-charging susceptance in per unit on a 
100,000 kvd base 	 ...- - 
Line charging one-half of total charging o1 line . 
AEP 118 BUS TEST SYSTEM 




































































3 11 .984 -8 211 




.985 -300 3oo 
_46 1.005 -100 100 
49 1.025 -85 210 
54  .955 -300 300 
55 .952 -8 23 
56 (:)1, -8 15 
59 :05 -6o 180 
61 .995 -100 3oo 
62 .998 -20 20 
65 1.005 -67 200 
66 1.05 -67 200 
70 .98 14 -10 32 
72 .98 -100 100 












85 .985 -8 23 
87 1.015 -100 loon 











c . 95 1.01 -1 00 • aoo 
AEP 118 BUS TEST SYSTEM 









100 1.017 -50 	• 155 
103 1.01 -15 40 
101. .571 -8 23 
105 .965 -8 	' 23 
107 .952 -200 200 
110 .973 -8 23 
_111 .98 -100 1000 
112 .975 -100 1000 
113 • .993 -100. 200 
116 1.005 -1000 1000 
t. 
AEP 118 BUS TEST SYSTEI 














* Off-nominal turns ratio, as determined by the 
actual transformer tap positions and the voltage 
bases. In the case of nominal turns ratio, this would 
AEP 113 BUS TEST SYSTE' 











L 	 .1 
1, 6 .1 
L8 	 .15 
7/4 .12 
79 	 .2 
82 .2 
• 83 	 .1 
'105 .2 
107 	 .06 
.06 
Susnertance in per unit en a 100,000-Vva base 
/LEP 118 BUS TEST SYSTEM 
LOAD FLOW SOLUTION  
The results of the test load flow are listed in the 
follc ►ing pages. Data pertinent to each bus of the system is 
listed with the corresponding bus number which, in turn,•refers 
to the original bus coding diagram. Printed frcm left to right 
following each bus number, and in this order, is bus voltage in 
per unit, phase angle in degrees, system generation in megawatts 
and iegavars, and bus lead in megawatts and megavars. Where 
static capacitors or shunt reactors are connected to the bus, 
their contribution in megavars is also specified (plus for 
capacitors, minus for reactors). 
Power and reactive flows in and out of each bus are 
tabulated under that bus number and are designated by the bus 
numbers at the far ends of the circuits. Plus values indicate 
flow of power and reactive out of a bus, and minus values 
indicate flow into a bus. Tap settings are printed next to 
those flows which represent transformer loadings.. The tap is 
listed only once and fcr that bus on which the tap is represented. 
The location of the swing machine, megawatt and 
negavar losses and the mismatch are printed following the 
information pertaining to the last bus. The mismatch in 
megawatts and megavars is listed next fcr each bus of the 
system in order of the bus numbers. It is the net difference 
in the flow of power cr reactive in and out of a particular 
bus and is a test of the accuracy of the results. The final 
figures, following the mismatch, are the number of iterations, 
and the total and average mismatch excluding the swing machine. 
The large mismatch value for the swing bus results from not 
estimating the value of its generatio,.. 
Yellowing the load flow output is a listing of the 
original line andlransformer impedance data followed by an 






BUS TEST SYSTEM 
1962 	LOADS 
BASE CASE 
BUS 1 .955 	10.67 .0 -3.0 51.00 27.00 
2 -12.5 -13.0 	- 
3 	-38.8 -17.0 
BUS 2 .971 	11.22 .0 .0 20.00 9.00 
1 12.6 11.0 
12 	-32.6 -19.9 
BUS 3 .968 	11.56 .0 .0 39.00 10.00 
1 39.1 16.8 
5 	-68.2 -14.5 
12 -9.9 -12.4 
BUS 4 .998 	15.28 -9.0 -14.8- 30.00 12.00 
5 	-104.4 -26.6 
11 64.1 -.2 
BUS 5 1.002 	15.73 .0 .0 .00 .00 
3 69.4 17.3 
4 	104.6 27.3 
6 88.6 4.1 
8 	-339.5 -91.9 
11 77.2 3.0 
BUS 6 .990 	13.00 .0 16.1 52.00 22.00 
5 -67.6. -1.3 
7 	35.3 -4.7 
BUS 7 .989 	12.56 .0 .0 19.00 2.00 
6 -35.2 4.5 
12 	16.3 -6.5 
BUS 8 1.015 	20.77 -28.0 62.9 .00 .00 
5 339.5 124.8 TAP 	.985 
9 	-440.7 -83.7 
30 73.0 27.9 
BUS 9 1.043 	28.02 .0 .c .00 .00 
8 445.4 24.5 
10 	-I:45.4 -24.4 
BUS 10 1.050 	35.61 450.0 -51.1 .00 .00 
9 45C.2 -51.1 
BUS 11 .985 	12.72 .0 .0 70.00 23.00 
4 -63.2 1.3 
5 	-76.0 -.6 
12 s4.0 -35.0 
13 	34.8 U.S 







7 -16.3 5.7 
11 -33.9 35.0 
14 16.1 2.7 
16 7.3 I 
117 20.1 5.2 
BUS 13 .968 	11.35 .0 .0 34.00 16.00 
11 -34.5 -12.2 
15 	.6 -3.8 
BUS 14 .984 	11.50 .0. .0 14.00 1.00 
12 -18.0 -4.2 
15 	4.0 . 3.2 
BUS 15 .970 	11.23 .0 3.3 .9'.1.00 30.00 
13 -.6 -2.1 
14 	-4.0 -7.9 
17 -103.8 -24.4 
19 	11.1 12.5 
33 6.9 -4.8 
BUS 16 .984 	11.91 t 0 .0 25.00 10.00 
12 -7.3 -6.4 
17 	-17.7 -3.6 
BUS 17 .995 	13.74 .0 .0 11.00 3.00 
15 105.3 25.3 
16 	17.9 -.3 
18 8C.2 24.9 
30 	-231.7 -70.4 
31 14.8 11.5 
113 	1.9 6.1 
BUS 1C .973 	11.53 .0 25.4 60.00 34.00' 
17 -79.4 -22.5 
19 	19.3 13.9 
BUS 19 .963. 	11.05 .0 -8.0 45.00 25.00 
15 -11.0 -13.3 
18 	-19.2 -14.6 
20 -1C.6 
34 	-3.'9 -10.5 
BUS 2C .958 	11.93 .0 .0 18.00 3.00 
19 1C.7 -8.0 
21 	-28.7 5.0 
BUS 21 .959 	13.52 .0 - 	.0 ' 14.00 8.00 
20 28.9 -6.2 
22 	-42.9 .-1.8 
BUS 22 .97C 	16.08 .0 .0 10.00 5.00 
21 43.3 1.5 
23 	-53.3 -6.5 
BUS 23 1.000 	21.00 .0 .0 7.00 3.00 
22 54.4 7.4 
24 	7.6 11.0 
25 -162.4 -26.0 
32 	93.2 4.7 
BUS 24 .992 	20.89 -13.0 -13.7 . .00 .00 
23 -7.6 -15.8 
70 	-6.1 -1.5 
72 .7 3.5 
BUS 25 1.050 	27.93 220.0 49.8 .00 .00 
23 166.6 38.4 
26 	-90.4 -10.6- 
27 143.6 30.1 
BUS 26 1.015 	29.71 314.0 9.9 .00 .00 
.00 
BUS 
25 	90.4 	21.6 
30 223.6 -11.7 
TAP 	.960 
27 .968 	15.35 	-9.0 3.0 	. 62.00 13.00 
25 	-137.2 -15.2 
28 32.9 	-.6 
32 	12.4 1.1 
115 20.7 	4.7 
BUS 28 .962 	13.64 	.0 .0 17.00 7.00 
27 -32.7 -.4 
29 	- 15.6 	-6.6 
BUS 29 .963 	'12.63 	.0 .0 24.00 4.00 
26 -15.6 4.6 
31 	-8.6 	-8.6 
BUS 30 .986 	18.79 	.0 .0 .00 .00 
6 -72.7 • 	-75.2 
17 	231.7 93.4 TAP 	.960 
26 -219.6 	-36.4 
38 	60.9 18.3 
BUS 31 .967 	12.75 ' 	7.0 32.1 43.00 27.00 
17 -14.6 	-14.7 
29 	8.6 7.9 
32 -29.9 	11.8 
BUS 32 .964 	14.80. 	.0 -14.0 59.00 23.00 
23 	• 	-90.4 	-5.8 
27 -12.4 -2.7 
31 	30.2 	-13.1 
113 4.1 -17.5 
114 	9.5 	• 2.1 
BUS 33 .972 	10.63 	.0 .0 23.00 9.00 
15 -6.9 1.8 
37 	-16.1 	-10.8 
' BUS 34 .986• 	11.30 	.0 -8.0 59.00 26.00 13.61 
19 	4.0 4.7 
36 30.4 	11.4 
37 	-95.3 -38.3- 
43 1.1 	2.0 
BUS 35 .981 	10.87 	.0 .0 33.00. 9.00 
36 .2 6.3 
37 	-33.9 	-15.2 
BUS 36 .980 	10.87 	.0 -.9 31.00 17.00 
34 -30.3 -11.7 
35 	-.2 	-6.6 
BUS 37 .992 	11.77 	.0 - 	.0. .00 .00 -24.60 
33 16.3 7.8 
34 	95.6 	38.4 
35 34.0 14.6 
38 	-244.2 	-86.4 
39 54.7 3.8 
40 	43.8 	-2.9 
9 US .00 
30 	-60.6 	-55.4 
37 244.2 112.0 TAP 	.935 
65 	-183.4 	-56.5 






.0 27.00 11.00 
40 26.7 -7.9 
BUS 40 .970 7.35 -46.0 27.0 20.00 23.00 
37 -42.7 2.1 
39 -26.5- 6.9 
41 15.3 1.3 
42 -12.1 -6.4 
BUS 41 .967 6.92 .0 .0 37.00 10.00 
40 -15.2 -2.3 
42 -21.7 -7.7 
BUS 42 .985 8.53 -59.0 41.1 37.00 23.00 
40 12.2 2.2 
41 22.0 5.2 
49 -65.1 5.3 
49 -65.1 5.3 
BUS 43 .978 11.28 .0 .0 18.00 7.00 
34 -1.1 -6.1 
44 -16.9 -.9 
BUS 44 .985 13.02 .0 .0 16.00 8.00 9.70 
43 17.1 -4.2 
45 -33.1 5.9 
BUS 45 .987 15.67 .0 .0 • 53.00 22.00 9.73 
44 33.3 -7.0 
4. -36.5 -3.4 
49 -49.9 -1.9 
BUS 46 1.005 18.49 19.0 -5.1 28.00 10.00 10.10 
4C 37.0 1.9 
47 -31.3 -1.1 
48 -14.8 -5.8 
BUS 47 1.017 20.73 .0 .0 34.00 .00 
46 31.6 -.9 
49 -9.3 -11.0 
69 -56.4 11.8 
BUS 48 1.021 19.93 .0 .0 20.00 ' 11.00 15.63 
46 14.9 1.4 
49 -35.0 3.2 
BUS 49 1.025 20.94 204.0 116.1 87.00 30.00 
42 68.2' 
42- 68.2 .4 
46 51.6 2.2 
47 9.4 9.4 
48 35.2 -3.9 
50 13.4 
51 66.7 20.4 
54 37.8 13.1 	. 
54 37.8 11.2 
66 -132.3 4.4 
66 -132.3 4.4 
69 -46.9 10.8 
OUS 5C 1.001 18.9C .0 17.00 4.00 
49 -92.9 -13.1. 
57 35.9 9.1 





58 	18.8 3.2 





53 	1C.4 2.0 	- 
• 
BUS 53 .946 	14.35 .0 .0 23.00 11.00 
52 -10.3 -5.4. 
54 	-12.7 -5.6 
- 	BUS 54 .955 	15.26 48.0 4.0 113.00 32.00 
49 -36.6 -15.6 
49 	-36.4 -13.8 
53 12.7 3.0 
55 	7.1 1. 
56 18.3 4.4 
59 	-30.4 -7.5 
BUS 55 .952 	14.97 .0 4.7 63.00 22.00 
54 -7.1 -3.2 
56 	-21.5 -5.8 
59 -4.6 
BUS 56 .954 	15.16 .0 -2.1 84.00 18.00 
54 -18.3 -5.0 
55 	21.6 5.5 
57 -23.0 -9.1 
58 	-6.7 -3.7 
59 -28.0 -4.2 
59 	-29.3 -3.9 
BUS 57 .971 	16.36 .0 .0 12.00 3.00 
50 -35.2 -10.5 
56 	23.3 7.5 
BUS 58 .959 	15.51 .0 .0 12.00 3.00 
51 -18.7 -4.5 
56 	6.7 1.5 
BUS 5C .985' 	19.31 155.0 76.9 277.00 113.00 
54 	30.9 4.3 
55 35.2 5.9 
56 	28.7 1.0 
56 3C.1 1.1 
60 	-43.3 3.6 
61 -51.8 5.0 
63 	-151.9 -57.0 
BUS 60 .993 	23.15 .0 .0 78.00 3.00 
59 44.0 -4.4 
61 	.-112.2 8.6 
62 -9.9 -7.1  
BUS 61 .995 	24.04 160.0 -40.3 	- .00 .00 
59 52.7 -4.6 
60 	112.6 -3.3 
62 25.4 -13.8 
64 	-30.7 -13.7 
LUS b2 .S9c 	23.43 .0 1.3 . _ 
60 
 
61 	-25.4 13.2 
66 -37.2 -17.3 
67 	-24.3 -14.4 
BUS 	63 .969 	22.75 .0 .00 .00 
59 151.9 67.5 TAP 	.960 
64 	-152.0 -67.5 
BUS 	64 .984 	24.52 .0 .0 .00 .00 
61 30.7 14.0 TAP 	.985 
63 	152.5 52.5 
65 -1C .:..1 -66.5 
BUS 	65 1.005 	27.65 391.0 81.3 .00 .00 
38 186.6 -8.8 
64 	184.1 40.1 
8.8 72.3 TAP 	.935 
66 	11.4 -22.2 
BUS 	66 1.050 	27.48 392.0 -2.0 39.00' 18.00 
49 135.3 8.3 
49 	135.3 8.3 
62 38.0 14.7 
65 	-8.8 -70.6 
67 53.2 19.3 
BUS 	67 1.020 	24.84 .0 .0 28.00 7.00 
62 24.5 12.1 
66 	-52.5 -19.1 
BUS 	68 1.003 	27.55 .0 .0 .00 • .00 
65 -11.4 -42.1 . 
69 	-128.2 112.9 TAP 	.935 • 
81 -44.6 -4.6 
116 	183.9 -66.2 
BUS 	69 1.035 	30.00 518.5 -82.7 .00 .00 
47 59.1- -10.1 
49 	49.2 -12.1 
68 128.2- -103.6 
70 	108.9 16.0 
75 110.3 20.4 
77 	62.7 6.7 
BUS 	70 .984 	22.58 .0 8.3 66.00 . 20.00 
24 6.2 -8.3 
69 	-105.4 -13.8 
71 17.4 -12.5 
74 	16.1 12.9 
75 -.3 10.0 
BUS 	71 .987 	22.15 .0 .0 .00 .00 
70 -17.3 11.8 
72 	11.3 -1.1 
73 6.0 -10.7 
BUS 	,72 .98C 	20.98 -12.0 -11.1 .00 .00 
24 -.1 -8.2 
71 	-11.2 -3.0 
BUS 	73 .991 	21.94 -6.0 9.7 .00 .00 
71 -6.0 9.7 
BUS 	74 .959 	21.54 .0 -5.6 68.00 27.0J 11.0: -7 
70 -15.9 -15,5 
15 	-52.1 -6.1 
BUS 	75 .967 	22.91 .0 .0 47.00 11.00 














BUS 76 .943 21.77 .0 5.3 68.00 36.00 
77. -61.1 -21.0 
118 	' -6.9 -9.7 
BUS 77 1.006. 26.72 .0 12.0 	• 61.00 28.00 
69 -61.5 -13.6 
75 -35.4 7.4 
76 63.2 24.4 
76 45.4 6.6 
80 -96.4 -37.5 
80 • -44.3 -20.6 
82 -3.0 17.3 
BUS 78 1.003 26.42 .0 .0 71.00- 26.00 
77 -45.4_ -7.6 
79 -25.6 -18.4. 
-BUS 79 1.009 26.72 .0 	• .0 39.00 32.00 20.37 
78 25.7 18.0 
80 -64.7 -29.6 
BUS 80 1.04C 28.96 . 477.0 105.1 130.00 26.00 
77 98.2 37.6 
77 45.0 20.6 
79 65.4 31.1 
81 44.6 -73.1 
96 18.9 20.8 
97 26.4 25.5 
98 28.9 8.3 
99 19.5 8.2 
BUS 81 .997 28.10 .0 .0 .00 .00 • 
68• 44.7 -75.6 
80 -44.6 75.6 TAP 	. .935 
BUS 82 .989 27.24 .0 .0 54..00 27.00 19.55 
77 3.1 -25.0 
83. -47.0 24.5 
96 -10.1. -6.9 
BUS 83 .985 28.62 .0 .0 20.00 10.00 -' 9.69 
82 -47.4 -27.1 
84 -24.7 14.7 
85 -42.7 12.1 
BUS 84 .980 30.95 .0 .0 11.00 7.00 
83 25.3 -16.0 
85 *-36.3 9.0 
BUS 85 .985 32.51 .0 -5.8 24.00 15.00 
83 ' 	43.6 -12.4 
84 36.7 -9.3 
86 17.2 -7.4 
88 -50.3 7.6• 
I'M -71.2 • 
3L3 05 .987 31.14 .0 .0 2 1 .00 10.00 
• 65 5.1 
87 -4.0 -15.1 
DUS 37 1.015 31.40 4.0 11.0 .00 .00 
91 	1.3 4.5 
86 	4.0 	11.0 
BUS 88 .987 	35.64 	.0 	.0 	48.00 	10.00 
85 50.8 -7.5 
89 -98.9 	-2.5 
BUS 89 1.005. 	39.69 	607.0 	-12.6 	.00 	.00 
85 	72.4 3.7  
88 	100.2 	1.7 
90 58.2 -4.7 
90 	110.7 	-5.4 
92 201.8 -7.2 
92 	63.6 	-6.7 
BUS 90 .985 	33.29 	-85.0 	59.3 	.78.00 	42.00 
89 -56.4 5.8 
89 -107.8 	7.0 
BUS 91 .980 	33.31 	-10.0 	-15.1 	.00 	.00 
90 -1.3 -6.5 
92 	-8.7 	-8.6 
; BUS 92 .993 	33.80 	.0 	-3.0 	65.00 	10.00 
C9 -197.8 22.1 
	
89 	-62.0 	8.9 
91 8.8 5.6 
93 	57.7 	-10.6 
94 . 52.3 -14.2 
100 	31.4 	-17.2 
102 44.6 -7.6 
BUS 93 .987 	30.79 	.0 	.0 	12.00 	7.00 
92 -56.8 11.4  
94 	44.8 	-18.4 
BUS 94 .991 	28.64 	.0 	.0 	30.00 	16.00 
92 -50.8 14:8  
93 	-44.3 	18.3 
95 40.9 9.4 
96 	19.9 	-9.4 
100 4.3 -49.1 
BUS 95 .981 	27.67 	.0 	.0 	42.00 	31.00 
94 • -40.7 -9.7 
96 	-1.3 	-21.3 
BUS 96 .993 	27.51 	.0 	.0 	38.00 	15.00 
80 -18.6 -24.4 
	82 	10.1 	1.7  
94 -19.7 7.5 
95 	1.4. 	20.1  
97 • 11.1 -19.9 
BUS 97 1.011 	27.88 	.0 	.0 	15.00 	9.00 
- 	80 -26.2 -27.0  
96 	11.2 	17.9 
CMS 98 1.0?4 	27.40 	.0 	.0 , 34.00 	8.00 
80 -2E.7 -10.4  
100 	-5.3. 	2.4 
BUS 99 1.010 	27.04 	-42.0 	-17.5 	.00 	.00 
80 -19.3 -13.0  
100 	-22.7 	-4.4 














103 	121.1 -4.3 
104 ' 	56.4 10.6 
106 	60.6 9.2 
BUS 101 .993 	29.61 .0 .0 22.00 • 15.00 
100 17.0 -24.2 
102 	-39.0. 9.3 
BUS 102 .991- 	32.30 .0 .0 5.00 3.00 
92 	-44.3 7.3 
101 39.4 -10.3 
BUS 103 1.001 - 	24.44 40.0 40.0 23.00 16.00 
100 	-118.9 6.3 
104 32.3 7.9 
105 	43.0 6.5 
110 60.6 . 	3.2 
BUS 104 .971 	21.69 .0 5.7 38.00 25.00 
100 -55.0 -9.3 
103 	-31.8 -10.1 
105 48.7 .1 
BUS 105 .966 	20.57 .0 -8.0 31.00 26.00 18.66 
103 -41.9 -7.4- 
104 	-48.5 -.0 
106 8.7 4.6 
107 	26.7. -1.9 
108 24.0 -10.6 
BUS 106 .962 	20.32 .0 .0 43.00 16.00 
100 -58.3 -6.8 
105 	-8.6 -5.8 
107 24.0 -3.4 
BUS 107 .952 	17.53 -22.0 	' 5.7 28.00 12.00 5.44 
105 -26.3 -1.1 
106 	-23.7 .2 
_ BUS 108 .967 	1').38 .0 .0 2.00 1.00 
105 -23.8 7.4 
109 	21.8 -10.4 
BUS 109 .967 	18.93 .0 .0 8.00 3.00 
108 -21.7 9.9 
110 	13.7 -12.9 
BUS 11C .973 	18.09 .0 4.9 39.00 30.00 5.68 
103 -59.1 -1.0 
109 	-13.6 11.2 
111 -35.7 1.0 
112 	69.4 -30.6 
11 ,9P.0 	11.7 11 36.0 -1.0 .00 .00 
117) --1.8 
. 	.._ _ 	__ 	. . . ____ ___ 	_ . 
:12 .•;i'.1 	14.99 -43..0  41.5 25.00 13.00 
••-••_ 
._._ . 110 	_ -6 8. 0 PR.S 





BUS 114 .960 	14.46 .0 .0 8.00 3.00 
32 -9.5 -3.6 
115 	.9 .7 
BUS 115 .960• 	14.46 .0 - 	.0 22.00 7.00 
27 	-'C.6 -6.1 
114 -.9 -1.0 
BUS 116 1.005 	27.12 -184.0 51.3 .00 .00 
68 	-183.7 51.2 
BUS 117 .974 	10.67 .0 .0 20.00 8.00 
12 -20.0 -8.0 
BUS 118 .949 	21.92 .0 .0 33.00 15.00 
75 -39.9 -23.5 
76 	6.9 8.5 


















    










































       
              
              
              
              














     
     
-.SCF 	.337  
-.316 .097 
-.187 	-.C12 

























































































.040 -.017  
.057 	.C67 
-.005 .002  
.062 	-.021 












-.258 - .060 
-.T41 .010 
-.P75 .007 
ITERATION COUNT 	143 
TOTAL MISMATCH 4.577 































































































































































































































































- 	- 	.0012 
























 ......._. .00871 
.00256 









40 	41 	 .01450 	 .04780 	 .00611 
...--  -- 4C 42 .05550 .18300 .02330 
41' 	42 	 .04100 	 .13500 	 .01720 
43 44 .06080 .24540 43034 
34 	43 	 .04130 	 .16810 	 .02113 
44 45 .02240 .09010 .01120 
45 	46 	 .04000 	 .13560 	 .01660 
45 47 .03800 .12700 .01580 
46 	40 	 .06010 	 .189^0 	 .02360 
47 49 .01910 .06250 .00802 
42 	49 	 .07150 	 .32300 	 .04300 
42 49 .07150 .32300 .04300 
45 	49 	 .06840 	 .18600 	 .02220 
48 49 .01790 .05050 .00629 
49 	50 	 .02670 	 .07520 	 .00937 
49 5I '.04860 .13700 .01710 
51 	52 	 .02030 	 .05880 	 .00698 
52 53 .04050 .16350 .02029 
53 	54 	 .02630 	 .12200 	 .01550 
49_ 54 .07300 .28900 .03690 
49 	54 	 .08690 	 .29100 	 .03650 
.54 55 .01690 .07070 .01010 
54 	56 	 .00275 	 .00955 	 .00366 
55 56 .00488 .01510 .00187 
56 	57 	 .03430 	 .09660 	 .01210 
50 57 .04740 .13400 .01660 
56 	58 	 .03430 	 .09660 	 .01210, 
51 58 .02550 .07190 -.00894 
54 	59 	 .05030 	 .22930 	 .02990 
56 59 .0825C .25100 .02845 
56 	59 	 2.0803C 	 .23900 	 .02680 
5S 59 .04739 .21580 .02823 
59 	60 	 .0317C 	 .14500 	 .01880 
59 61 .03280 .15000 .01940 
60 	61 	 .00264 	 .01350 	 .00728 
60 62 .01230 .05610 .00734 
61 	62 	 .00824 	 .03760 	 .00490 
59 63 .00000 .03860 .00000 
63 	64 	 .00172 	 .02000 	 .10800 
61 64 .0000C .02680 .00000 
38 	65 	 .00901 	 .09860 	 .52300 
64 65 .00265 .03020 .19000 
49 	66 	 .01800 	 .09190 	 .01240 
49 66 .0180C .09190 .01240 
62 	66 	 .04820 	 .21800 	 .02890 
62 67 .02580 .11700 .01550 
65 	56 	 .00000 	 .03700 	 .00000 
66 67 .02240 .13150 .01341 
65 	68 	 .00138 	 .01600 	 .31900 
47 69 .08440 .27780 .03541' 
49 	69 	 .09850 	 .32400. 	.04140 
68 64 .00000 .03700 .00000 
69 	70 	 .03000 	 .12700 	 .06100 
24 70 .10221 .41160 .05099 
70 	71 	 .00832 	 .03550 	 .00439 
24 72 .04880 .17600 .02440 
71 	72 	 .04460 	 .18300 	 .02220 
71--____” .00866 _____.04540_ ___ 	.00589 __
7C 	74 	 .04010 	 .13230 	 -.01684 
70 75 .04280 .14100 .0!000 
60 	75 	 .04050 	 .12200 	 .06200 
 _ _. 	- 74 75 --41? .04060 _4.0.517 
76 	77 .04440 	 .14300 	 .01840 
69 77 	 -.03090 .10100_ 	-- 	.0-5190 _  	-- 75 	77 .06010 	 .19990 .02489 	
- 
77 78 	 .00376 .01240 	 .00632 
78 79 .00546 .02440 .00324 
77 80 .01700 .04850 .02360 
77 80 .02940 .10500 .01140 
79 80 .01560 .07040 .00935 
68 81 .00175 .02020 .40400 
80 81 .00000 .03700 .00000 
.77 82 .02980 .08530 .04087 
82 83 .01120 .03665 .01898 
83 84 .06250 .13200 .01290 
83 85 .04300 .14800 .01740 
84 85 .03020 .06410 .00617 
85 86 .03500 .12300 .01380 
86 87 .02828 .20740 .02225 
87, 88 .02000 .10200 .01360 
85 89 .0239C .17300 .02350 
88 89 .01390 .07120 .00967 
89 90 .05180 .18800 .02640 
89 90 .02380 e09970 .05300 
9C 91 .02540 .08360 .01070 
89 92 .00990 .05050 .02740 
89 92 .03930 .15810 .02070 
91 92 .03870 .12720 .01634 
92 93 .02580 .08480 .01090 
92 94 .04810 .15800 .02030 
93 94 .02230 .07320 .00938 
94 '95 .01320 .04340 .00555 
80 96 .03560 .18200 .02470 
82 96 .01620 .05300 .02720 
94 96 .02690 .08690 .01150 
80 97 .01830 .09340 .01270 1( 80 98 .02380 .10800 .01430 
80 99 .04540 .20600 .02730 
92 100 .06480 .29500 .03860 
94' 100 .01780 .05800 .03020 
95 96 .01710 .05470 .00737 
96 97 .01730 .08850 .01200 
98 100 .03970 .17900 .02380 
99 100 .01800 .08130 .01080 
100 101 .02770 .12620 .01640 
92 102 .01230 .05590 .00732 
101 102 .02460 .11200 .01470 
100 103 .01600 .05250 .02680 
100 104 .04510 .20400 .02705 
103 104 .04660 .15840 .02035 
103 105 .05350 .16250 .02040 
100 106 .06050 .22900 .03100 
104 105 .00994 .03780 .00493 
105 106 .01400 .05470 .00717 
105 107 .05300 .18300 .02360 
•05 108 .02610 .07030 .00922 
106 107 .05300 .18300 .4,02360 
108 109 .01050 .02880 .00380 
103 11.0 .03906 .18130 .02305 
109 110 .02780 .076.13 .01010 
110 111 .02200 .07550 .01000 
110 112 .02470 .06400 .03100 
17 113 .00913 .03010 .00384 
32 113 .06150 .20300 .02590 
32 114 .01350 .06120 .00814 
27 115 .016.1,0 .07410 .00936 
114: 115 .00"e30 .01040 .00130 
();; 116 V 	.00034 .00405 .0E200 	. 
12 117 .0290 .14000 
75 113 .01450 .04810 .00599 
76 118 .01640 .05440 .00678 
ADMITTANCES (100MVA BASE) 
P 0 G 8 BC/2 
1 2 2.78030 9.16674 .01270 
1 3 6.56766 21.58673 .00541 
2 1 2.78030 9.16674 .01270 
2 12 4.51228 14.86397 .00786 
3 1 6.56766 21.58673 .00541 
3 5 1.96818 8.82006 .01420 
3 12 1.73212 5.726::3 .02030 
4 5 26.35599 119.50043 .00105 
4 11 4.04236 13.30690 .00874 
5 3- 1.96818 8.82006 .01420 
5 4 26.35599 119.50043 .00105 
5 . 	 6 3.89193 17.66085 .00713 
5 8 .00000 37.45318 .00000 
5 11 4.00922 13.46940 .00869 
6 5 3.89193 17.66085 .00713 
6 7 10.11664 45.84445 .00275 
7 6 10.11664 45.84445 .00275 
7 12 7.00640 27.63544 .00437 
8 5 .00000 37.45318 .00000 
8 9 2.60627 32.57838 .58100 
R 30 1.68443 19.69723 .25700 
9 8 2.60627 32.57838 .58100 
9 10 2.47246 30.85780 .61500 
10 9 2.47246 30.85780 .61500 
11 4 4.04236 13.30690 ..00874 
11 5 4.00922 13.46940 .00869 
11 12 14.18144 46.71533 .00251 
11 13 3.81080 12.51997 .00938 
12 2 4.51228 14.86397 .00786 
12 3 1.73212 5.72603 .02030 
12 7 7.00640 27.63544 .00437 
12 11 14.18144 46.71533 .00251 
12 14 3.93720 12.9 ► 696 .00908 
12 16 2.86293 11.26266 .01070 
12 117 1.59072 6.76904 .01790 
13 11 3.81080 12.51997 .00938 
13 15 1.13994 3.74463 .03134 
14 12 3.93720 12.94696 .00908 
14 15 1.43148 4.69142 .02510 
15 13 103994 3.74463 .03134 
15 14 1 . 43148 4.69142 .02510 
15 17 6.33419 20.96999 .02220 
15 19 7.07397 23.22620 .00505 
15 33 2.24595 7.35252 .01597 
16 12 2.86293 11.26266 .01070 
16 17 . 	1.31605 5.22072 .02330 
17 15 6.33419 20.96999 .02220 
17 16 1.31605 5.22072 .02330 
17 18 4.55296 18.69304 .00649 
17 30 .00000 25.77320 .00000 
17 31 1.77685 5:85910 .01995 
17 113 9.22812 30.42350 .00384 
1R 17 4.55296 18.69304 .00649 
18 19 4.62657 19.16722 .00571 
19 15 7.07391 23.22620• .00505 
19 18 4.62657 19.16722 .00571 
19 20 1.75928 8.16809 .01490 
19 34 1.12804 3 	7,-,c1c .031G0 
20 19 1.75928 806r09____ .01!:()0_ __ 
2u 21 2.42612 11...:562 .010.7.6 
ni ... 26 2.42612 11.25562 . 	.01020 
21 22 2.12273 9.85191 :01230 
_.- 	22 21 2.12273 9.85191 .01230 
22 23 1.29297 6.01120 .02020 
23 22 1.29297 6.01120 .02020 
23 . 24 5.18654 18.90207 .02490 
23 25 2.34821 12.04210 .04320 
23 32 2.21694 8.06351 .05865 
24 23 5.18654 18.90207 .02490 
24 70 .56853 2.28892 .05099 
24 72 1.19615 4.80422 .02440 
25 23 2.34821 12.04210 .04320 
25 26 .00000 26.178u1 .00000 
25 27 . 1.15300 5.91003 .08820 
26 25 .00000 26.17801 .00000 
26 30 1.07107 11.52840 .45400 
27 25 1.15300 5.91003 .08820 
27 28 2.49212 11.13831 .01080 
27 32 3.67892 12.12918 .00963 
27 115 2.84734 12.86510 .00986 
28 27 2.49212 11.13831 .01080 
28 29 2.50683 9.97442 .01190 
29 28 2.50683 9.97442 .01190 
29 31 8.90905 27.30460 .00415 
30 8 1.68443 19.69723 .25700 
30 17 .00000 25.77320 .00000 
30 26 1.07107 11.52840 .45400 
30 38 1.57956 18.38279 .21100 
31 17 1.77685 •5.85910 .01995 
31 29 8.90905 27.30460 .00415 
31 32 2.81390 9.30097 .01255 
32 23 2.21694 8.06351 .05865 
32 27 3.67892 12.12918 .00963 
32 31 2.81390 9.30097 .01255 
32 113 1.36693 4.51199 .02590 
32 114 3.43713. 15.58168 .00814 
33' 15 2.24595 7.35252 .01597 
33 37 1.89617 6.48809 .01830 
34 19 1.12804 3.70515 .03160 
34 36 10.96834 33.74872 .00284 
34 37 26.97190 99.03744 .00492 
34 43 1.37835 5.61020 .02113 
35 36 20.53960 93.52856 .00134 
35 37 4.24532 19.18112 .00659 
36 34 10.96834 33.74872 .00284 
36 35 20.53960 93.52856 .00134 
37 33 1.89617 6.48809 .01830 
37 34 26.97190 99.03744 .00492 
37 35 4.24532 19.18112 .00659 
37 38 .00000 26.66667 .00000 
37 39 2.61690 8.64149 .01350 
37 40 1.86828 5.29292 .02100 
38 30 1.57956 18.38279 .21100 
38 37 	, .00000 26.66667 .00000 
38 65 .91909 10.05800 .52300 
39 37 2.61690 8.64149 .01350 
39 46 4.60137 ;...15;129^ .00776 
40 37 1.86828 5.29292 .02100 
40 39 4.60137 15.12950 .00776 
40 41 5.81141 19.15763 .00611 
40 42 1.51767 5.00420 .02330 
41 40 5.81141 19.15763 .00611 
41 42 2.05968 6.78167 .01720 
42 1:0 1.51767 7,.C$042:d .02330 
42 41 2.05963 6.76187 .01720 
42 49 .65332 •2.95136 .04300 
42 49 .65332 2.95136 .04300 
43 34 1.37835 5.61020 .02113 
43 44 .95122  3.83931 .03034 
44 43 .95122 3.83931 .03034 
44 45 2.59868 10.45272 .01120 
45 44 2.59868 10.4:272 .01120 
45 46 2.00126 6.78429 .01660 
45 49 1.74159 4.73589 .02220 
46 45 2.00126 6.78429 .01660 
46 47 2.16241 7.22700 .01580 
46 48 1.52798 4.80512 .02360 
47 46 2.16241 7.22700 .01580 
47 49 4.47196 14.63337 .00802 
47 69 1.00123 3.29552 .03546 
48 46 1.52798 4.80512 .02360 
48 49 6.23550 17.59177 .00629 
49 42 .65332 2.95136 .04300 
49 42 .65332 2.95136 .04300 
49 45 1.74159 4.73589 .02220 
49 47 4.47196 14.63337 .00802 
49 48 6.23550 17.59177' .00629 
49 50 4.19289 11.80918 .00937 
49 51 2.29994 6.48338 .01710' 
49 54 .82161 3.25267 .03690 
49 54 • .94218 3.15507 .03650 
49 66 2.05254 10.47937 .01240 
49 66 2.05254 10.47937 .01240 
49 69 .85892 2.82530 .04140 
50 49 4.19289 11.80918 .00937 
50 57 2.34621 6.63276 .01660 
51 49 2.29994 6.48338 .01710 
51 52 5.24612 15.19564 .00698 
51 58 4.38155 12.35425 '.00894 
52 51 5.24612 15.19564 .00698 
52 53 1.42744 5.76262 .02029 
53 52 1.42744 5.76262 .02029 
53 54 1.68853 7.83272 .01550 
54 49 .82161 3.25267 .03690 
54 49 .94218 3.15507 .03650 
54 53 1.68853 7.83272 .01550 
54 55 3.19827 13.37976 .01010 
54 56 27.84387 96.69417 .00366 
54 59 . .91274 4.16088 .02990 
55 54 3.19827 13.37976 .01010 
55 56 19.37858 59.96242 .00187 
55 59 .97080 4.42073 .02823 
56 54 27.84387 96.69417 .00366 
56 55 19.37858 59.96242 .00187 
56 57 3.26416 ' 9.19295 .01210 
56 58 3.26416 9.19295 .01210 
56 59 1.18183 3.59562 .02845 
56 59 1.26319 3.75969 .02660 
•57 50 2.34621 6.63276 .01660 
57 56 3.26416 9.19295 .01210 
58 51 4.38155 12.35425 .00894 
58 56 3.26416 9.19295 .01210 
59 54 .91274 - 4.1600.: .02990 
59 55 .97080 4.42073 .02823 
59 56 1.18183 3.59562 .02845 
59 56 1.26319 3.75969 .02680 
59 60 1.43895 6.58197 .01880 
59 61 1.39125 6.36245 .01940 
59 63 .00000 25.90674 .00000 
LO 59 1.43895 6.58197 .0130 
tO 61 .13.95204 71.34567 .00725 
60 62 3.72397 17.00773 .CC734 
61 59 1.39125 6.36245 .01940 
61 60 13.95204 71.34567 .00728 
61 62 5.56134 25.37698 .00490 
61 64 .00000 37.31343 .00000 
62 60 3.72897 17.00773 .00734 
62 61 5.56134 25.37698 .00490 
62 66 .96695 4.37336 .02890 
62 67 1.79733 8.15067 .01550 
63 59 .00000 25.90674 .00000 
63 64 4.26843 49.63292 .10000 
64 61 • .00000 37.31343 .00000 
64 63 4.26843 49.63292 .10800 
64 65 2.92622 32.85194 .19000 
65 38 .91909 10.05800 .52300 
65 64 2.92622 32.85194 .19000 
65 66. .00000 27.02703 .00000 
65 All 5.35082 62.03849 .31900 
66 49 2.05254 10.47937 .01240 
6( 49 2.05254 10.47937 .01240 
66 62 .96695 4.37336 .02890 
66 65 .00000 27.02703 .00000 
66 67 2.07330 9.39466 .01341 
67 62 1.79733 8.15067 .01550 
67 66 2.07330 9.39466 .01341 
68 65 5.35082 62.03849 .31900 
68 69 .00000 27.02703 .00000 
68 81 4.25685 49.13616 .40400 
68 116 20.58348 245.18559 .08200 
69 47 1.00123 3.29552 .03546 
69 49 .85892 2.82530 .04140' 
69 68 .00000 27.02703 .00000 
69 70 1.76170 7.45787 .06100 
69 75 2.45094 7.38309 .06200 
69 77 2.76986 9.05358 .05190 
70 24 .56853 2.28892 .05099 
70 69 1.76170 7.45787 .06100 
70 71 6.59172 26.53130 .00439 
70 74 2.09824 6.92261 .01684 
70 75 1.97118 6.49385 .01800 
71 70 6.59172 26.53130 .00439 
71 72 1.29692 5.23421 .02220 
71 73 4.05401 21.25313 .00589 
72 24 1.19615 4.60422 .02440 
72 71 1.29692 5.23421 .02220 
73 71 4.05401 21.25313 .00589 
74 70 2.09824 6.92261 .01684 
74 75 6.83466 22.55994 .00517 
75 69 2.45094 7.38309 .06200 
75 70 1.97118 6.49385 .01800 
75 7 1: 6.83466 22.55994 .00517 
75 77 1.37933 4.58781 .02489 
75 118 5.74517 19.05811 .00599 
76 77 1.85966 6.19886 .01840 
76 118 5.08004 16.85087 .00678 
.•77 69 2.76986 9.05358 .05190 
77 75 1.37933 - 4.58781 .02489 
77 76 1.85966 '-6.198C... .01840 
77 78 22.39450 73.85454 .00632 
77 80 6.43635 18.36252 .02360 ..... 
77 80 2.47280 8.83143 .01140 
77 82 3.65011 10.44814 .04087 
7h 77 22.39460 73.85454 .00632 
- - 	
7b 79 8.733C0 39.02928 
39.02928 	-- 
.00324 
---Xd -----  - "i'lr i0 6.73360 
79 ._______ _  CC _______ 3.0002 13.5397) .00930 
• 	fir 77 -6743::Y,5 1C-36252 .023:Ad 
..., v.... 77 2.47280 8.83143 .01140 
CO 79 3.00028 13.53971 .00935 
































82 77 3.65011 10.44814 .04087 
82 8'3 7.62599 24.95468 .01898 
82 96 5.27440 17.25'..t:. .02720 
83 82 7.62599 24.95468 .01898 
83 84 2.93011 6.18839 .01290 
83 85 1.81030 6.23079 .01740 
R4 A1 2.93011 6.18839 .01290 
84 85 6.01492 12.76676 .00617 
85 83 1.81030 6.23079 .01740 
85 84 6.01492 12.76676 .00617 
85 86 2.14015 7.52110 .01380 
85 88 1.85117 9.44095 .01380 
85 89 .78360 5.67209 .02350 	, 
86 85 2.14015 7.52110 .01380 
86 87 .64545 4.73359 .02225 
87 86 .64545 4.73359 .02225 
88 85 1.85117 9.44095 .01380 
88 89 2.64125 13.52931 .00967 
89 85 .78360 5.67209 .02350 
89 88 2.64125 13.52931 .00967 
89 90 1.36218 4.94382 .02640 
89 90 2.26526 9.48934 .05300 
89 92 3.73830 19.06912 .02740 
89 92 1.48078 5.95702 .02070 
90 89 1.36218 4.94382 .02640 
90 89 2.26526 9.48934. .05300 
90 91 3.32717 10.95084 .01070 
91 90 3.32717 10.95084 .01070 
91 92 2.18922 7.19558 .01634 
92 89 3.73830 19.06912 .02740 
92 89 1.48078 5.95702 .02070 
92 91 2.18922 7.19558 .01634 
92 93 3.28383 10.79336 .01090 
92 94 1.76335 5.79230 .02030 
92 100 .71034 3.23380 .03860 
92 102 3.75446 17.06297 .00732 
93 92 3.28383 10.79336 .01090 
93 94 3.80837 12.50100 .00938 
94 92 1.76335 - 	5.79230 .02030 
94 93 3.80837 12.50100 .00938 
94 95 6.41462 21.09049 .00555 
94 96 3.25067 10.50123 .01150 
94 100 4.83585 .15.75727 .03020 
95 94 6.41462 21.09049 .00555 
95 96 5.20627 16.65398 .00737 
96 80 1.03514 5.29203' .02470 
96 82 5.27440 -- 17.25575 .02720 
96 94 3.25067 10.50123 .01150 
96 95 5.20627 16.65398 .00737 
96 97 2.12752 10.88355 .01200 
97 80 2.02021 10.31081 .01270 
97 - 96 2.12752 10.88355 .01200 
98 80 1.94596 8.83043 .01430 
100 1.180(,5 5.32467 .02380 
99 80 1.02029 4.62951 .027;0 
99 100 2.59602 11.72536  	.......  ._ .01080 
100 4/2 .71034 3.23380 .03860 
10C 94 4.83585 15.75727 .03020 
100 98 1.18095 5.32467 .02380 
100 99 2.59602 11.72536 .01080 
. 
100 ICI 1.65931 7.55972 .01640• 
100 103 5.31164 17.42883 .02680 
100. 104 1.03322 4.67354 .02705 
100 106 1.07841 4.08191 .03100 
101 100 1.65931 7.55972 .01640 
101 102 1.87084 8.51765 .01470 
102 92 3.75446 17.06297 .00732 
102 101 1.87084 - 	8.51765 .01470 
103 100 5.31164 17.42883 .02680 
103 104 1.70933 5.810 -e6 .02035 
103 105 1.82790 5.55204 .02040 
103 110 1.13562 5.27106 .02305 
104 100 1.03322 4.67354 .02705 
104 103 1.70933 5.81026 .02035 
104 105 6.50675 24.74399 .00493 
105 103 1.82790 5.55204 .02040 
105 1C4 6.50675 24.74399 .00493 
105 106 4.39134 17.15761 .00717 
105 107 1.46014 5.04160 .02360 
105 108 4.64140 12.50156 .00922 
106 100 1.07841 4.08191 .03100 
106 105 4.39134 17.15761 .00717 
106 107 1.46014 5.04160 .02360 
107 105 1.46014 5.04160 .02360 
107 106 1.46014 5.04160 .02360 
108 105 4.64140 •2.50156 .00922 
loe 109 11.17390 30.64841 .00380 
109 108 11.17390 30.64841 .00380 
109 110 4.22539 11.58181 .01010 
110 103 1.13562 5.27106 .02305 
110 109 4.22539 11.58181 .01010 
116 111 3.55742 12.20843 .01000 
110 112 5.24852 13.59940 .03100 
111 110 3.55742 12.20843 .01000 
112 110 5.24852 13.59940 .03100 
113 17 9.22812 30.42350 .00384 
113 32 1.36693 4.51199 .02590 
114 32 3.43713 15.58168 .00814 
114 115 20.27325 91.67034 .00138 
115 27 2.84734 12.86510 .00986 
115 114 20.27325 91.67034 .00138 
116 68 20.58348 245.18559 .08200 
117 12 1.59072 6.76904 .01790 
118 75 5.74517 19.05811 .00599 
118 76 5.08004 16.85087 	. .00678 
THESE ADMITTANCES WRITTEN IN BINARY ON TAPE NO. 




IEEE 118 Bus Network 
FDLF Based Results 
D.1. Transmission line data 
Transformer data 
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X/R wC*Sbase Length R % X % 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 116.200 90.5 
BUS 9 BUS 10 .258 3.220 12.48 123.000 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 33.1 
BUS 5 BUS 11 2.030 6.820 3.36 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 35.2 
BUS 12 BUS 14 2.150 7.070 3.29 1.816  34.0 
BUS 13 BUS 15 7.440 24.440 3.28 6.268 117.8 
BUS 14 BUS 15 5.950 19.500 3.28 5.020 94.1 
BUS 12 BUS 16 2.120 8.340 3.93 2.140 36.2 
BUS 15 BUS 17 1.320 4.370 3.31 4.440 21.0 
BUS 16 BUS 17 4.540 18.010 3.97 4.660 77.9 
BUS 17 BUS 18 1.230 5.050 4.11 1.298 21.4 
BUS 18 BUS 19 1.190 4.930 4.14 1.142 20.8 
BUS 19 BUS 20 2.520 11.700 4.64 2.980 46.5 
BUS 15 BUS 19 1.200 3.940 3.28 1.010 19.0 
BUS 20 BUS 21 1.830 8.490 4.64 2.160 33.8 
BUS 21 BUS 22 2.090 9.700 4.64 2.460 38.6 
BUS 22 BUS 23 3.420 15.900 4.65 4.040 63.2 
BUS 23 BUS 24 1.350 4.920 3.64 4.980 22.3 
BUS 23 BUS 25 1.560 8.000 5.13 8.640 30.3 
BUS 25 BUS 27 3.180 16.300 5.13 17.640 61.7 
BUS 27 BUS 28 1.913 8.550 4.47 2.160 34.7 
BUS 28 BUS 29 2.370 9.430 3.98 2.380 40.7 
BUS 8 BUS 30 .431 5.040 11.69 51.400 154.3 
BUS 26 BUS 30 .799 8.600 10.76 90.800 274.2 
BUS 17 BUS 31 4.740 15.630 3.30 3.990 75.2 
BUS 29 BUS 31 1.080 3.310 3.06 .830 16.6 
BUS 23 BUS 32 3.170 11.530 3.64 11.730 52.3 
BUS 31 BUS 32 2.980 9.850 3.31 2.510 47.3 
BUS 27 BUS 32 2.290 7.550 3.30 1.926 36.3 
BUS 15 BUS 33 3.800 12.440 3.27 3.194 60.1 
BUS 19 BUS 34 7.520 24.700 3.28 6.320 119.0 
BUS 35 BUS 36 .224 1.020 4.55 .268 4.1 
BUS 35 BUS 37 1.100 4.970 4.52 1.318 20.0 
BUS 33 BUS 37 4.150 14.200 3.42 3.660 66.8 
SUS 34 BUS 36 .871 2.680 3.08 .568 13.4 
BUS 34 BUS 37 .256 .940 3.67 .984 4.2 
BUS 37 BUS 39 3.210 10.600 3.30 2.700 50.9 
BUS 37 BUS 40 5.930 16.800 2.83 4.200 88.7 
BUS 30 BUS 38 .464 5.400 11.64 42.200 165.7 
BUS 39 BUS 40 1.840 6.050 3.29 1.552 29.1 
NO NE R % X % X/R wC*Sbase Length 
BUS 40 BUS 41 1.450 4.780 3.30 1.222 23.0 
BUS 40 BUS 42 5.550 18.300 3.30 4.660 88.0 
BUS 41 BUS 42 4.100 13.500 3.29 3.440 65.0 
BUS 43 BUS 44 6.080 24.540 4.04 6.068 105.1 
BUS 34 BUS 43 4.130 16.810 4.07 4.226 71.7 
BUS 44 BUS 45 2.240 9.010 4.02 2.240 38.7 
BUS 45 BUS 46 4.000 13.560 3.39 3.320 64.1 
BUS 46 BUS 47 3.800 12.700 3.34 3.160 60.6 
BUS 46 BUS 48 6.010 18.900 3.14 4.720 93.5 
BUS 47 BUS 49 1.910 6.250 3.27 1.604 30.2 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 45 BUS 49 6.840 18.600 2.72 4.440 100.8 
BUS 48 BUS 49 1.790 5.050 2.82 1.258 26.7 
BUS 49 BUS 50 2.670 7.520 2.82 1.874 39.8 
BUS 49 BUS 51 4.860 13.700 2.82 3.420 72.5 
3US 51 BUS 52 2.030 5.880 2.90 1.396 30.6 
BUS 52 BUS 53 4.050 16.350 4.04 4.060 70.0 
BUS 53 BUS 54 2.630 12.200 4.64 2.100 48.5 
BUS 49 BUS 54 7.300 28.900 3.96 7.380 125.1 
1US 49 BUS 54 8.690 29.100 3.35 7.300 138.6 
1US 54 BUS 55 1.690 7.070 4.18 2.020 29.7 
SUS 54 BUS 56 .275 .955 3.47 .732 4.5 
IUS 55 BUS 56 .488 1.510 3.09 .374 7.5 
IUS 56 BUS 57 3.430 9.660 2.82 2.420 51.2 
WS 50 BUS 57 4.740 13.400 2.83 3.320 70.8 
IUS 56 BUS 58 3.430 9.660 2.82 2.420 51.2 
,US 51 BUS 58 2.550 7.190 2.82 1.788 38.1 
,US 54 BUS 59 5.030 22.930 4.56 5.980 92.0 
'US 56 BUS 59 8.250 25.100 3.04 5.690 126.7 
US 56 BUS 59 8.030 23.900 2.98 5.360 122.3 
US 55 BUS 59 4.739 21.580 4.55 5.646 86.7 
US 59 BUS 60 3.170 14.500 4.57 3.760 58.1 
US 59 BUS 61 3.280 15.000 4.57 3.880 60.1 
US 60 BUS 61 .264 1.350 5.11 1.456 • 	5.1 
US 60 BUS 62 1.230 5.610 4.56 1.468 22.5 
US 61 BUS 62 .824 3.760 4.56 .980 15.1 
US 63 BUS 64 .172 2.000 11.63 21.600 61.4 
US 38 BUS 65 .901 9.860 10.94 104.600 311.8 
US 64 BUS 65 .269 3.020 11.23 38.000 94.3 
US 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
US 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
US 62 BUS 66 4.820 21.800 4.52 5.980 87.9 
US 62 BUS 67 2.580 11.700 4.53 3.100 47.1 
JS 66 BUS 67 2.240 10.150 4.53 2.682 40.9 
JS 65 BUS 68 .138 1.600 11.59 63.800 49.2 
JS 47 BUS 69 8.440 27.780 3.29 7.092 133.7 
JS 49 BUS 69 9.850 32.400 3.29 8.280 156.0 
JS 69 BUS 70 3.000 12.700 4.23 12.200 53.0 
JS 24 BUS 70 10.221 41.150 4.03 10.200 176.5 
JS 70 BUS 71 .882 3.550 4.02 .880 15.2 
JS 24 BUS 72 4.880 19.600 4.02 4.880 84.2 
NO NE R % X % X/R wC*Sbase Length 
BUS 71 BUS 72 4.460 18.000 4.04 4.444 77.1 
BUS 71 BUS 73 .866 4.540 5.24 1.180 17.0 
BUS 70 BUS 74 4.010 13.230 3.30 3.368 63.6 
BUS 70 BUS 75 4.280 14.100 3.29 3.600 67.8 
BUS 69 BUS 75 4.050 12.200 3.01 12.400 62.0 
BUS 74 BUS 75 1.230 4.060 3.30 1.034 19.5 
BUS 76 BUS 77 4.440 14.800 3.33 3.680 70.7 
BUS 69 BUS 77 3.090 10.100 3.27 10.400 48.8 
BUS 75 BUS 77 6.010 19.990 3.33 5.000 95.6 
BUS 77 BUS 78 .376 1.240 3.30 1.264 6.0 
BUS 78 BUS 79 .546 2.440 4.47 .648 9.9 
BUS 77 BUS 80 1.700 4.850 2.85 4.720 25.5 
BUS 77 BUS 80 2.940 10.500 3.57 2.280 48.2 
BUS 79 BUS 80 1.560 7.040 4.51 1.870 28.4 
BUS 68 BUS 81 .175 2.020 11.54 80.800 62.2 
BUS 77 BUS 82 2.980 8.530 2.86 8.180 44.7 
BUS 82 BUS 83 1.120 3.665 3.27 3.800 17.7 
BUS 83 BUS 84 6.250 13.200 2.11 2.600 8.2 
BUS 83 BUS 85 4.300 14.800 3.44 3.480 69.4 
BUS 84 BUS 85 3.020 6.410 2.12 1.234 4.0 
BUS 85 BUS 86 3.500 12.300 3.51 2.760 57.0 
BUS 86 BUS 87 2.828 20.740 7.33 4.450 201.5 
BUS 85 BUS 88 2.000 10.200 5.10 2.760 38.7 
BUS 85 BUS 89 2.390 17.300 7.24 4.700 169.1 
BUS 88 BUS 89 1.390 7.120 5.12 1.934 27.0 
BUS 89 BUS 90 5.180 18.800 3.63 5.280 - 	85.5 
BUS 89 BUS 90 2.380 9.970 4.19 10.600 41.8 
BUS 90 BUS 91 2.540 8.360 3.29 2.140 40.2 
BUS 89 BUS 92 .990 5.050 5.10 5.480 19.2 
BUS 89 BUS 92 3.930 15.810 4.02 4.140 67.8 
BUS 91 BUS 92 3.870 12.720 3.29 3.268 61.3 
BUS 92 BUS 93 2.580 8.480 3.29 2.180 40.9 
BUS 92 BUS 94 4.810 15.800 3.28 4.060 76.1 
BUS 93 BUS 94 2.230 7.320 3.28 1.876 35.3 
BUS 94 BUS 95 1.320 4.340 3.29 1.110 20.9 
BUS 80 BUS 96 3.560 18.200 5.11 4.940 69.0 
BUS 82 BUS 96 1.620 5.300 3.27 5.440 25.6 
BUS 94 BUS 96 2.690 8.690 3.23 2.300 42.3 
BUS 80 BUS 97 1.830 9.340 5.10 2.540 35.4 
tUS 80 BUS 98 2.380 10.800 4.54 2.860 43.5 
tUS 80 BUS 99 4.540 20.600 4.54 5.460 82.9 
XS 92 BUS 100 6.480 29.500 4.55 7.720 118.5 
IIS 94 BUS 100 1.780 5.800 3.26 6.040 28.1 
US 95 BUS 96 1.710 5.470 3.20 1.474 26.8 
US 96 BUS 97 1.730 8.850 5.12 2.400 33.5 
US 98 BUS 100 3.970 17.900 4-51 4.760 72.3 
US 99 BUS 100 1.800 8.130 4.52 2.160 32.8 
US 100 BUS 101 2.770 12.620 4.56 3.280 50.7 
US 92 BUS 102 1.230 5.590 4.54 1.464 22.5 
US 101 BUS 102 2.460 11.200 4.55 2.940 45.0 
US 100 BUS 103 1.600 5.250 3.28 5.360 25.3 
US 100 BUS 104 4.510 20.400 4.52 5.510 82.2 
NO NE R % X % X/R wC*Sbase Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 72.1 
BUS 109 BUS 	110 2.780 7.620 2.74 2.020 41.1 
BUS 110 BUS 	111 2.200 7.550 3.43 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 6.200 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 29.9 
BUS 	114 BUS 115 .230 1.040 4.52 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 16.400 12.3 
BUS 	12 BUS 117 3.290 14.000 4.26 3.580 58.3 
BUS 75 BUS 	118 1.450 4.810 3.32 1.200 23.0 
BUS 76 BUS 118 1.640 5.440 3.32 1.356 26.1 
Transformers  
NO NE R % X % Tap 
BUS 8 BUS 5 .000 2.670 .985 
BUS 26 BUS 25 .000 3.820 .960 
BUS 30 BUS 17 .000 3.880 .960 
BUS 38 BUS 37 .000 3.750 .935 
BUS 63 BUS 59 .000 3.860 .960 
BUS 64 BUS 61 .000 2.680 .985 
BUS 65 BUS 66 .000 3.700 .935 
BUS 68 BUS 69 .000 3.700 .935 
BUS 81 BUS 80 .000 3.700 .935 
Shunt Elements  
NO 	wC*Sbase 
BUS 5 	—40.000 
BUS 17 .000 
BUS 34 	14.000 
BUS 37 —25.000 
BUS 44 	10.000 
BUS 45 10.000 
BUS 46 	10.000 
BUS 48 15.000 
BUS 74 	12.000 
BUS 79 20.000 
BUS 82 	20.000 
BUS 83 10.000 
BUS 105 	20.000 
BUS 107 6.000 
BUS 110 	6.000 
Time for input: 1.18 
Time for compact: 	.07 
Time for factorization: 	.07 
. of iterations: 9 
ximum mismatch (in pu): 5.6E-04 7.7E-04 
Time for solution: 	.10 
ecution time: 	1.42 
,ase 	: 	100. 
Bus 	Vsp Voltage Generation 	QGmin QGmax Load 
69 1.035 30.00 513.52 -82.38 
; 	1 .955 .955 10.95 .00 -3.10 	-5.00 15.00 51.00 27.00 
4 .998 .998 15.56 -9.00 -15.01 -300.00 300.00 30.00 12.00 
6 .990 .990 13.27 .00 15.93 	-13.00 50.00 52.00 22.00 
8 1.015 1.015 21.02 -28.00 62.75 -300.00 300.00 .00 .00 
10 1.050 1.050 35.86 450.00 -51.04 -147.00 200.00 .00 .00 
12 .990 .990 12.47 85.00 91.27 	-35.00 120.00 47.00 10.00 
15 .970 .970 11.46 .00 3.19 -10.00 30.00 90.00 30.00 
18 .973 .973 11.76 .00 25.36 	-16.00 50.00 60.00 34.00 
19 .962 .963+ 11.28 .00 -8.00 -8.00 24.00 45.00 25.00 
24 .992 .992 21.06 -13.00 -13.76 -300.00 300.00 .00 .00 
25 1.050 1.050 28.15 220.00 49.79 	-47.00 140.00 .00 .00 
26 1.015 1.015 29.93 314.00 9.89-1000.00 1000.00 .00 .00 
27 .968 .968 15.58 -9.00 2.82 -300.00 300.00 62.00 13.00 
31 .967 .967 12.98 7.00 31.97 -300.00 300.00 43.00 27.00 
32 .963 .964+ 15.02 .00 -14.00 	-14.00 42.00 59.00 23.00 
34 .984 .986+ 11.49 .00 -8.00 -8.00 24.00 59.00 26.00 
36 .980 .980 11.06 .00 -1.23 	-8.00 24.00 31.00 17.00 
40 .970 .970 7.51 -46:00 26.89 -300.00 300.00 20.00 23.00 
42 .985 .985 8.66 -59.00 41.00 -300.00 300.00 37.00 23.00 
46 1.005 1.005 18.57 19.00 -5.22 -100.00 100.00 28.00 10.00 
49 1.025 1.025 21.02 204.00 115.75 	-85.00 210.00 87.00 30.00 
54 .955 .955 15.35 48.00 4.68 -300.00 300.00 113.00 32.00 
55 .952 .952 15.06 .00 4.66 	-8.00 23.00 63.00 22.00 
56 .954 .954 15.24 .00 -2.23 -8.00 15.00 84.00 18.00 
59 .985 .985 19.45 155.00 76.83 	-60.00 180.00 277.00 113.00 
61 .995 .995 24.12 160.00 -40.39 -100.00 300.00 .00 .00 
62 .998 .998 23.50 .00 1.16 	-20.00 20.00 77.00 14.00 
65 1.005 1.005 27.72 391.00 80.86 -67.00 200.00 .00 .00 
66 1.050 1.050 27.56 392.00 -2.06 	-67.00 200.00 39.00 18.00 
70 .984 .984 22.63 .00 8.14 	-10.00 32.00 66.00 20.00 
72 .980 .980 21.09 -12.00 -11.12 -100.00 100.00 .00 .00 
73 .991 .991 22.00 -6.00 9.65 -100.00 100.00 .00 .00 
74 .958 .958 21.68 .00 -5.64 	-6.00 9.00 68.00 27.00 
76 '.943 .943 21.81 .00 5.26 -8.00 23.00 68.00 36.00 
77 1.006 1.006 26.76 ":00 11.87 	-20.00 70.00 61.00 28.00 
80 1.040 1.040 29.00 477.00 105.00 -165.00 280.00 130.00 26.00 
85 .985 .985 32.55 .00 -5.81 	-8.00 23.00 24.00 15.00 
87 1.015 1.015 31.44 4.00 11.02 -100.00 1000.00 .00 .00 
89 1.005 1.005 39.74 607.00 -12.55 -210.00 300.00 .00 .00 
90 .985 .985 33.33 -85.00 59.30 -300.00 300.00 78.00 42.00 
91 .980 .980 33.35 -10.00 -15.07 -100.00 100.00 .00 .00 
92 .990 .993+ 33.85 .00 -3.00 	-3.00 9.00 65.00 10.00 
99 1.010 1.010 27.08 -42.00 -17.54 -100.00 100.00 .00 .00 
100 1.017 1.017 	. 28.08 252.00 108.08 	-50.00 155.00 37.00 18.00 
103 1.010 1.001- 24.48 40.00 40.00 -15.00 40.00 23.00 16.00 
104 .9-71 .971 21.74 .00 5.60 -8.00 23.00 38.00 25.00 
105 .965 .966+ 20.62 .00 -8.00 -8.00 23.00 31.00 26.00 
107 .952 .952 17.58 -22.00 5.70 -200.00 200.00 28.00 12.00 
110 .973 .973 18.14 .00 4.81 -8.00 23.00 39.00 30.00 
111 .980 .980 19.78 36.00 -1.84 -100.00 1000.00 .00 .00 
112 .975 .975 15.04 -43.00 41.51 -100.00 1000.00 25.00 13.00 
113 .993 .993 13.97 -6.00 6.31 -100.00 200.00 .00 .00 
116 1.005 1.005 27.16 -184.00 51.32-1000.00 1000.00 .00 .00 
Bus Voltage Load 
3 2 .971 11.49 20.00 9.00 
3 	3 .968 11.84 39.00 10.00 
3 5 1.002 16.00 .00 .00 
; 7 .989 12.83 19.00 2.00 
; 9 1.043 28.28 .00 .00 
11 .985 12.99 70.00 23.00 
13 .968 11.61 34.00 16.00 
14 .984 11.75 14.00 1.00 
; 	16 .984 12.17 25.00 10.00 
17 .995 13.98 11.00 3.00 
20 .956 12.16 18.00 3.00 
21 .959 13.74 14.00 8.00 
22 .970 16.29 10.00 5.00 
23 1.000 21.21 7.00 3.00 
28 .962 13.85 17.00 7.00 
29 .963 12.86 24.00 4.00 
30 .986 19.01 .00 .00 
33 .972 10.84 23.00 9.00 
35 .981 11.06 33.00 9.00 
37 .992 11.95 .00 .00 
38 .962 17.09 .00 .00 
39 .970 8.58 27.00 11.00 
41 .967 7.07 37.00 10.00 
43 .978 11.44 18.00 7.00 
44 .985 13.93 16.00 8.00 
45 .987 15.77 53.00 22.00 
47 1.017 20.80 34.00 .00 
48 1.021 20.02 20.00 11.00 
50 1.001 18.98 17.00 4.00 
51 .967 16.36 17.00 8.00 
52 .957 15.41 18.00 5.00 
53 .946 14.44 23.00 11.00 
57 .971 16.45 12.00 3.00 
58 .959 15.59 12.00 3.00 
60 .993 23.23 78.00 3.00 
63 .969 22.82 .00 .00 
64 .984 24.59 .00 .00 
67 1.020 24.92 28.00 7.00 
68 1.003 27.60 .00 .00 
71 .987 22.21 .00 .00 
75 .967 22.94 47.00 11.00 
78 1.003 26.45 71.00 26.00 
79 1.009 26.75 39.00 32.00 
31 .997 28.15 .00 .00 
B2 .989 27.28 54.00 27.00 
33 ' .985 28.47 20.00 10.00 
34 .980 31.00 11.00 7:00 
36 .987 31.18 21.00 10.00 
38 .987 35.68 48.00 10.00 
)3 .987 30.84 12.00 7.00 
)4 .991 28.69 30.00 16.00 
)5 .981 27.72 42.00 31.00 
)6 .993 27.55 38.00 15.00 
)7 1.011 27.92 15.00 9.00 
)8 1.024 27.45 34.00 8.00 
L01 .993 29.65 22.00 15.00 
S 102 .991 32.35 .5.00 3.00 
S 106 .962 20.37 43.00 16.00 
S 108 .967 19.43 2.00 1.00 
S 109 .967 18.98 8.00 3.00 
S 114 .960 14.69 8.00 3.00 
S 	115 .960 14.68 22.00 7.00 
S 	117 .974 10.93 20.00 8.00 
S 118 .949 21.95 33.00 15.00 
ier Generated: 3800.52 791.41 
ier Demanded: 3668.00 1438.00 
tern Losses: 132.52 —646.59 
ntout time: 	.57 
BUS 69 BUS 47 58.69 -10.07 
BUS 69 BUS 49 48.78 -12.06 
BUS 69 BUS 70 108.20 16.09 
BUS 69 BUS 75 109.91 20.50 
BUS 69 BUS 77 62.11 6.80 
BUS 69 BUS 68 125.84 -103.64 
Total: 513.52 -82.38 
BUS 1 BUS 2 -12.36 -13.04 
BUS 1 BUS 3 -38.64 -17.06 
Total: -51.00 -30.10 
BUS 4 BUS 5 -103.21 -26.79 
BUS 4 BUS 11 64.21 -.21 
Total: -39.00 -27.01 
BUS 6 BUS 5 -87.53 -1.30 
BUS 6 BUS 7 35.53 -4.77 
Total: -52.00 -6.07 
BUS 8 BUS 9 -440.64 -89.73 
BUS 8 BUS 30 74.21 27.76 
BUS 8 BUS 5 338.42 124.72 
Total: -28.00 62.75 
1US 10 BUS 9 450.00 -51.04 
Total: 450.00 -51.04 
MS 12 BUS 11 -34.14 35.13 
.15S 	12 BUS 2 32.74 19.42 
US 12 BUS 3 9.90 8.86 
US 12 BUS 7 -16.44 5.75 
US 12 BUS 14 18.28 2.63 
US 12 BUS 16 7.51 4.29 
US 12 BUS 117 20.15 5.20 
Total: 38.00 81.27 
US 15 BUS 13 -.74 -2.05 
US 15 BUS 14 -4.18 -7.84 
US 15 BUS 17 -103.66 -24.44 
US 15 BUS 19 11.40 12.39 
US 15 BUS 33 7.19 -4.87 
Total: -90.00 -26.81 
BUS 18 	BUS 17 -79.42 -22.48 
BUS 18 BUS 19 19.42 13.84 
Total: -60.00 -8.64 
BUS 19 	BUS 18 -19.35 -14.61 
BUS 19 BUS 20 -10.59 5.39 
BUS 19 	BUS 15 -11.36 -13.21 
BUS 19 BUS 34 -3.70 -10.57 
Total: -45.00 -33.00 
BUS 24 	BUS 23 -8.58 -15.53 
BUS 24 BUS 70 -5.64 -1.60 
BUS 24 	BUS 72 1.22 3.37 
Total: -13.00 -13.76 
BUS 25 	BUS 23 166.97 38.37 
BUS 25 BUS 27 143.48 30.06 
BUS 25 	BUS 26 -90.45 -18.63 
Total: 220.00 49.79 
3US 26 	BUS 30 223.56 -11.70 
3US 26 BUS 25 90.45 21.59 
Total: 314.00 9.89 
►US 27 	BUS 25 -137.08 -15.27 
►lS 27 BUS 28 32.84 -.59 
,US 27 	BUS 32 12.50 1.01 
,US 27 BUS 115 20.74 4.66 
Total: -71.00 -10.18 
US 31 	BUS 17 -14.63 -14.74 
US 31 BUS 29 8.46 7.91 
US 31 	BUS 32 -29.83 11.80 
Total: -36.00 4.97 
US 32 	BUS 23 -90.12 -5.95 
US 32 BUS 31 30.17 -13.02 
US 32 	BUS 27 -12.46 -2.68 
US 32 BUS 113 4.06 -17.51 
US 32 	BUS 114 9.36 2.17 
Total: -59.00 -37.00 
US 34 	BUS 19 3.76 4.76 
BUS 34 	BUS 36 30.42 11.48 
BUS 34 BUS 37 -94.59 -38.57 
BUS 34 	BUS 43 1.40 1.93 
BUS 34 BUS 34 .00 - 13.61 
Total: -59.00 -34.00 
BUS 36 	BUS 35 -.67 -6.49 
BUS 36 BUS 34 -30.33 -11.74 
Total: -31.00 -18.23 
BUS 40 	„"t 	37 -42.91 2.20 
BUS 40 BUS 39 -26.80 6.97 
BUS 40 	BUS 41 15.53 1.17 
BUS 40 BUS 42 -11.83 -6.45 
Total: -66.00 3.89 
BUS 42 	BUS 40 11.92 2.30 
BUS 42 BUS 41 21.73 5.25 
BUS 42 	BUS 49 -64.83 5.22 
BUS 42 BUS 49 -64.83 5.22 
Total: -96.00 18.00 
BUS 46 	BUS 45 36.88 1.93 
BUS 46 BUS 47 -31.12 -1.22 
BUS 46 	BUS 48 -14.76 -5.83 
BUS 46 BUS 46 .00 - 10.10 
Total: -9.00 - 15.22 
BUS 49 	BUS 47 9.57 9.28 
BUS 49 BUS 42 67.99 .37 
BUS 49 	BUS 42 67.99 .37 
BUS 49 BUS 45 51.44 2.17 
BUS 49 	BUS 48 35.11 -3.93 
BUS 49 BUS 50 53.67 13.43 
BUS 49 	BUS 51 66.63 20.52 
BUS 49 BUS 54 37.77 13.07 
BUS 49 	BUS 54 37.75 11.20 
BUS 49 BUS 66 -132.19 4.32 
BUS 49 	BUS 66 -132.19 4.32 
BUS 49 BUS 69 -46.54 10.65 
Total: 117.00 85.75 
BUS 54 	BUS 53 12.73 3.77 
BUS 54 BUS 49 -36.58 -15.60 
BUS 54 	BUS 49 -36.38 -13.79 
BUS 54 BUS 55 7.08 1.46 
BUS 54 	BUS 56 18.54 4.34 
BUS 54 BUS 59 -30.38 -7.51 
Total: 
BUS 55 	BUS 54 
BUS 55 BUS 56 











BUS 56 	BUS 54 -18.53 -4.97 
BUS 56 BUS 55 21.45 5.56 
BUS 56 	BUS 57 -22.99 -9.10 
BUS 56 BUS 58 -6.66 -3.63 
BUS 56 	BUS 59 -27.96 -4.18 
BUS 56 BUS 59 -29.31 -3.91 
Total: -84.00 -20.23 
BUS 59 	BUS 54 30.90 4.26 
BUS 59 BUS 56 28.67 .99 
BUS 59 	BUS 56 30.07 1.13 
BUS 59 BUS 55 35.15 5.88 
BUS 59 	BUS 60 -43.31 3.57 
BUS 59 BUS 61 -51.72 5.03 
3US 59 	BUS 63 -151.76 -57.03 
Total: -122.00 -36.17 
3US 61 	BUS 59 52.64 -4.63 
3US 61 BUS 60 112.40 -8.23 
3US 61 	BUS 62 25.49 -13.86 
3US 61 BUS 64 -30.52 -13.69 
Total: 160.00 -40.39 
IUS 62 	BUS 60 9.89 5.74 
IUS 62 BUS 61 -25.42 13.20 
IUS 62 	BUS 66 -37.17 -17.36 
;US 62 BUS 67 -24.31 -14.41 
Total: -77.00 -12.84 
,US 65 	BUS 38 184.86 -9.04 
US 65 BUS 64 183.76 40.06 
US 65 	BUS 68 13.91 -22.41 - 
US 65 BUS 66 8.48 72.25 
Total: 391.00 80.86 
US 66 	BUS 49 135.19 8.33 
US 66 BUS 49 135.19 8.33 
US 66 	BUS 62 37.93 14.56 
US 66 BUS 67 53.16 19.27 




BUS 70 	BUS 69 -104.77 -14.05 
BUS 70 BUS 24 5.69 -8.17 
BUS 70 	BUS 71 16.90 -12.44 
BUS 70 BUS 74 16.26 12.88 
BUS 70 	BUS 75 -.07 9.92 
Total: -66.00 - 11.86 
BUS 72 	bus 24 -1.20 -8.04 
BUS 72 BUS 71 -10.80 -3.08 
Total: -12.00 -11.12 
BUS 73 	BUS 71 -6.00 9.65 
Total: -6.00 9.65 
BUS 74 	BUS 70 -16.06 -15.41 
BUS 74 BUS 75 -51.94 -6.22 
BUS 74 	BUS 74 .00 -11.01 
Total: -68.00 -32.64 
BUS 76 	BUS 77 -61.14 -21.04 
BUS 76 BUS 118 -6.86 -9.69 
Total: -68.00 -30.74 
BUS 77 	BUS 76 63.20 24.39 
BUS 77 BUS 69 -60.95 -13.85 
BUS 77 	BUS 75 35.40 7.36 
BUS 77 BUS 78 45.39 6.61 
BUS 77 	BUS 80 -96.58 -37.41 
BUS 77 BUS 80 -44.37 -20.54 
BUS 77 	BUS 82 -3.08 17.30 
Total: -61.00 -16.13 
!US 80 	BUS 77 98.36 37.53 
IUS 80 BUS 77 45.05 20.59 
an 80 	BUS 79 65.51 31.08 
WS 80 BUS 96 18.92 20.82 
an 80 	BUS 97 26.38 25.51 
1US 80 BUS 98 28.86 8.33 
XS 80 	BUS 99 19.47 8.18 
,US 80 BUS 81 44.44 -73.05 
Total: 347.00 79.00 
BUS 85 	BUS 83 
BUS 85 BUS 84 
BUS 85 	BUS 86 
BUS 85 BUS 88 













BUS 87 	BUS 86 4.00 11.02 
Total: 4.00 11.02 
BUS 89 	BUS 85 72.42 3.73 
BUS 89 BUS 88 100.26 7.70 
BUS 89 	BUS 90 58.17 -4.72 
BUS 89 BUS 90 110.73 -5.43 
BUS 89 	BUS 92 201.82 -7.19 
BUS 89 BUS 92 63.60 -6.68 
Total: 607.00 -12.58 
3US 90 	BUS 89 -56.43 5.79 
3US 90 BUS 89 -107.84 7.04 
3US 90 	BUS 91 1.27 4.47 
Total: -163.00 17.30 
;US 91 	BUS 90 -1.27 -6.50 
IUS 91 BUS 92 -8.74 -8.57 
Total: -10.00 -15.08 
US 92 	BUS 89 -197.83 22.10 
US 92 BUS 89 -62.02 8.91 
US 92 	BUS 91 8.79 5.56 
US 92 BUS 93 57.72 -10.63 
US 92 	BUS 94 52.27 -14.19 
US 92 BUS 100 31.45 -17.20 
US 92 	BUS 102 44.62 -7.56 
Total: -65.00 -13.00 
US 99 	BUS 80 -19.26 -12.96 
US 99 BUS 100 -22.74 -4.57 
Total: -42.00 -17.54 
JS 100 	BUS 92 -30.68 12.90 
JS 100 BUS 94 -3.87 44.33 
JS 100 	BUS 98 5.37 - 7.31 
JS 100 BUS 99 - 22.83 2.78 
JS 100 	BUS 101 -16.74 21.97 
BUS 100 	BUS 103 121.08 -4.33 
BUS 100 BUS 104 56.42 10.57 
BUS 100 	BUS 106 60.57 9.17 
Total: 214.98 90.07 
BUS 103 	BUS 100 -118.82 6.31 
BUS 103 BUS 104 32.31 7.94 
BUS 103 	BUS 105 42.95 6.56 
BUS 103 BUS 110 60.56 3.19 
Total: 17.00 24.00 
BUS 104 	BUS 100 -54.95 -9.38 
BUS 104 BUS 103 -31.78 -10.09 
BUS 104 	BUS 105 48.73 .06 
Total: -38.00 -19.41 
BUS 105 	BUS 103 -41.92 -7.39 
BUS 105 BUS 104 -48.48 -.04 
BUS 105 	BUS 106 8.68 4.55 
BUS 105 BUS 107 26.73 -1.85 
BUS 105 	BUS 108 23.99 -10.61 
BUS 105 BUS 105 .00 -18.66 
Total: -31.00 -34.00 
BUS 107 	BUS 105 -26.33 -1.09 
BUS 107 BUS 106 -23.67 .22 
BUS 107 	BUS 107 .00 -5.44 
Total: -50.00 -6.30 
WS 110 	BUS 103 -59.11 -1.08 
1US 110 BUS 109 -13.64 11.23 
;US 110 	BUS 	111 -35.70 .96 
► US 110 BUS 112 69.46 -30.61 
IUS 110 	BUS 110 .00 -5.68 
Total: -39.00 -25.19 
US 111 	BUS 110 36.00 -1.84 
Total: 36.00 -1.84 
US 112 	BUS 110 -68.00 28.51 
Total: -68.00 28.51 
US 113 	BUS 17 -2.11 -6.78 
US 113 BUS 32 • -3.89 13.09 
Total: 







BUS 2 BUS 1 12.45 11.01 
BUS 2 BUS 12 -32.45 -20.01 
Total: -20.00 -9.00 
BUS 3 BUS 1 38.89 16.89 
BUS 3 BUS 5 -68.10 -14.49 
BUS 3 BUS 12 -9.79 -12.39 
Total: -39.00 -10.00 
BUS 5 BUS 4 103.42 27.49 
BUS 5 BUS 3 69.34 17.28 
BUS 5 BUS 6 88.46 4.11 
BUS 5 BUS 11 77.21 2.97 
BUS 5 BUS 8 -338.42 -92.01 
BUS 5 BUS 5 .00 40.16 
Total: .00 .00 
BUS 7 BUS 6 -35.47 4.50 
BUS 7 BUS 12 16.47 -6.50 
Total: -19.00 -2.00 
BUS 9 BUS 8 445.26 24.43 
BUS 9 BUS 10 -445.26 -24.43 
Total: .00 .00 
iUS 	11 BUS 4 -63.35  1.34 
WS 11 BUS 5 -76.00 -.63 
WS 11 BUS 12 34.29 -35.13 
WS 11 BUS 13 35.06 11.41 
Total: -70.00 -23.00 
ZS 13 BUS 11 -34.74 -12.16 
,US 	13 BUS 15 .74 -3.84 
Total: -34.00 -16.00 
US 14 BUS 12 -18.21 -4.15 
US 14 BUS 15 4.21 3.15 
Total: - 14.00 - 1.00 
BUS 16 BUS 12 -7.49 -6.30 
BUS 16 BUS 17 - 17.51 -3.70 
Total: -25.00 -10.00 
BUS 17 BUS 15 105.24 25.37 
BUS 17 BUS 16 17.65 -.29 
BUS 17 BUS 18 80.30 24.85 
BUS 17 BUS 31 14.83 11.53 
BUS 17 BUS 113 2.11 6.03 
BUS 17 BUS 30 -231.13 -70.50 
BUS 17 BUS 17 .00 .00 
Total: -11.00 -3.00 
BUS 20 BUS 19 10.63 -7.94 
BUS 20 BUS 21 -28.63 4.94 
Total: -18.00 -3.00 
BUS 21 BUS 20 28.80 -6.13 
BUS 21 BUS 22 -42.80 -1.87 
Total: -14.00 -8.00 
BUS 22 BUS 21 43.22 1.51 
BUS 22 BUS 23 -53.22 -6.51 
Total: -10.00 -5.00 
BUS 23 BUS 22 54.26 7.42 
BUS 23 BUS 24 8.61 10.72 
BUS 23 BUS 25 -162.76 -25.87 
BUS 23 BUS 32 92.89 4.73 
Total: -7.00 -3.00 
BUS 28 BUS 27 -32.62 -.44 
BUS 28 BUS 29 15.62 -6.56 
Total: -17.00 -7.on 
BUS 29 BUS 28 -15.55 4.63 
BUS 29 BUS 31 -8.45 -8.63 
Total: -24.00 -4.00 
BUS 30 BUS 8 -73.86 -75.07 
BUS 30 BUS 26 -219.59 -36.42 
BUS 30 BUS 38 62.31 18.11 
BUS 30 BUS 17 231.13 93.38 
Total: .00 .00 
BUS 33 BUS 15 -7.16 1.94 
BUS 33 BUS 37 -15.84 -10.94 
Total: -23.00 -9.00 
BUS 35 BUS 36 .67 6.24 
BUS 35 BUS 37 -33.67 -15.24 
Total: -33.00 -9.00 
BUS 37 BUS 35 33.83 14.65 
BUS 37 BUS 33 15.98 7.92 
BUS 37 BUS 34 94.86 38.61 
BUS 37 BUS 39 54.94 3.75 
BUS 37 BUS 40 44.08 -2.93 
BUS 37 BUS 38 -243.69 -86.61 
BUS 37 BUS 37 .00 24.60 
Total: .00 .00 
BUS 38 BUS 30 -62.05 -55.15 
BUS 38 BUS 65 -181.64 -56.95 
BUS 38 BUS 37 243.69 112.10 
Total: .00 .00 
3US 39 BUS 37 -53.95 -3.07 
3US 39 BUS 40 26.95 -7.93 
Total: -27.00 -11.00 
3US 41 BUS 40 -15.49 -2.20 
3US 41 BUS 42 -21.51 -7.80 
Total: -37.00 -10.00 
3US 43 BUS 44 -16.61 -1.02 
3US 43 BUS 34 -1.39 -5.98 
Total: -18.00 -7.00 
3US 44 BUS 43 16.78 -4.11 
3US 44 BUS 45 -32.78 5.81 
3US 44 BUS 44 .00 -9.70 
Total: -16.00 -8.00 
BUS 45 	BUS 44 33.04 -6.95 
BUS 45 BUS 46 -36.34 -3.37 
BUS 45 	BUS 49 -49.71 -1.94 
BUS 45 BUS 45 .00 -9.73 
Total: -53.00 -22.00 
BUS 47 	BUS 46 31.48 -.80 
BUS 47 BUS 49 -9.54 -10.84 
BUS 47 	BUS 69 -55.94 11.63 
Total: -34.00 .00 
BUS 48 	BUS 46 14.90 1.42 
BUS 48 BUS 49 -34.90 3.21 
BUS 48 	BUS 48 .00 -15.63 
Total: -20.00 -11.00 
BUS 50 	BUS 49 -52.88 -13.14 
BUS 50 BUS 57 35.88 9.14 
Total: -17.00 -4.00 
BUS 51 	BUS 49 -64.35 -17.47 
BUS 51 BUS 52 28.57 6.38 
BUS 51 	BUS 58 18.78 3.10 
Total: -17.00 -8.00 
BUS 52 	BUS 51 -28.38 -7.12 
BUS 52 BUS 53 10.38 2.12 
Total: -18.00 -5.00 
3US 53 	BUS 52 -10.32 -5.58 
3US 53 BUS 54 -12.68 -5.42 
Total: -23.00 -11.00 
IUS 57 	BUS 56 23.22 7.49 
IUS 57 BUS 50 -35.22 -10.49 
Total: -12.00 -3.00 
XS 58 	BUS 56 6.68 1.47 
XS 58 BUS 51 -18.68 -4.47 















BUS 63 BUS 64 -151.76 -67.48 
BUS 63 BUS 59 151.76 67.48 
Total: .00 .00 
BUS 64 BUS 63 152.24 52.51 
BUS 64 BUS 65 -182.76 -66.49 
BUS 64 BUS 61 30.52 13.99 
Total: .00 .00 
1US 67 BUS 62 24.50 12.15 
3US 67 BUS 66 -52.50 -19.15 
Total: -28.00 -7.00 
;US 68 BUS 65 -13.90 -41.87 
iUS 68 BUS 81 -44.38 -4.60 
1US 68 BUS 116 184.13 -66.35 
ZS 68 BUS 69 -125.84 112.82 
Total: .00 .00 
US 71 BUS 70 -16.86 11.74 
US 71 BUS 72 10.85 -1.00 
US 71 BUS 73 6.01 -10.74 
Total: .00 .00 
US 75 BUS 70 .13 -13.15 
US 75 BUS 69 -105.06 -18.35 
US 75 BUS 74 52.31 6.47 
US 75 BUS 77 -34.60 -9.57 
US 75 BUS 118 40.22 23.59 
Total: -47.00 -11.00 
JS 78 BUS 77 -45.31 -7.63 
JS 78 BUS 79 -25.69 -18.37 
Total: -71.00 -26.00 
JS 79 BUS 78 25.74 17.95 
JS 79 BUS 80 -64.74 -29.58 
JS 79 BUS 79 .00 -20.37 
Total: -39.00 -32.00 
BUS 81 	BUS 68 44.44 -75.55 
BUS 81 BUS 80 -44.44 75.55 
Total: .00 .00 
BUS 82 	BUS 77 3.22 -25.04 
BUS 82 BUS 83 -47.09 24.51 
BUS 82 	BUS 96 -10.13 -6.91 
BUS 82 BUS 82 .00 -19.55 
Total: -54.00 -27.00 
BUS 83 	BUS 82 47.42 -27.12 
BUS 83 BUS 84 -24.72 14.73 
BUS 83 	BUS 85 -42.70 12.08 
BUS 83 BUS 83 .00 -9.69 
Total: -20.00 - 10.00 
3US 84 	BUS 83 25.28 -16.05 
3US 84 BUS 85 -36.28 9.05 
Total: -11.00 -7.00 
;US 86 	BUS 85 -17.05 5.09 
XS 86 BUS 87 -3.95 -15.09 
Total: -21.00 -10.00 
US 88 	BUS 85 50.86 -7.52 
US 88 BUS 89 -98.86 -2.48 
Total: -48.00 -10.00 
US 93 	BUS 92 -56.83 11.44 
US 93 BUS 94 44.84 -18.45 
Total: -11.99 -7.01 
JS 94 	BUS 92 -50.86 14.82 
JS 94 BUS 93 -44.31 18.36 
JS 94 	BUS 95 40.99 9.38 
JS 94 BUS 96 19.93 -9.41 
JS 94 	BUS 100 4.26 -49.14 
Total: -30.00 -16.01 
JS 95 	BUS 94 -40.75 -9.67 




BUS 96 	BUS 80 -18.62 -24.40 
BUS 96 BUS 82 10.15 1.64 
BUS 96 	BUS 94 -19.80 7.56 
BUS 96 BUS 95 1.33 20.14 
BUS 96 	BUS 97 -11.06 -19.94 
Total: -38.00 -15.00 
BUS 97 	BUS 80 -26.14 -26.96 
BUS 97 BUS 96 11.14 17.96 
Total: -15.00 -9.00 
BUS 98 	BUS 80 -28.65 -10.45 
BUS 98 BUS 100 -5.35 2.45 
Total: -34.00 -8.00 
BUS 101 	BUS 100 16.96 -24.26 
3US 101 BUS 102 -38.97 9.26 
Total: -22.00 -15.00 
3US 102 	BUS 92 -44.36 7.27 
WS 102 BUS 101 39.37 -10.29 
Total: -4.99 -3.02 
IUS 106 	BUS 100 -58.34 -6.78 
IUS 106 BUS 105 -8.66 -5.82 
iUS 106 	BUS 107 24.00 -3.40 
Total: -43.00 -16.00 
ZS 108 	BUS 105 -23.80 9.39 
ZS 108 BUS 109 21.81 -10.39 
Total: -2.00 -1.00 
US 109 	BUS 108 -21.74 9.86 
US 109 BUS 110 13.74 -12.86 
Total: -8.00 -3.00 
US 114 	BUS 32 -9.34 -3.61 
US 114 BUS 115 . 	1.34 .61 
Total: -8.00 -3.00 
BUS 115 	BUS 27 —20.66 —6.13 
BUS 115 BUS 114 —1.34 —.87 
Total: —22.00 —7.00 
BUS 117 	BUS 12 —20.00 —8.00 
Total: —20.00 —8.00 
BUS 118 	BUS -/5 —39.88 —23.56 
3US 118 BUS 76 6.88 8.56 
Total: —33.00 —15.00 
;57stem losses: 	132.52 —646.68 
t*I**2,X*I**2: 132.52 	781.11 
Appendix E 
IEEE 14 Bus Network 
FDLF Based Results 
E.1. Transmission line data 
Transformer data 
Shunt element data 
E.2. Bus oriented results 






X/R wC*Sbase Length R % X % 
BUS 1 BUS 2 1.938 5.917 3.05 5.280 29.8 
BUS 1 BUS 5 5.403 22.304 4.13 4.920 94.4 
BUS 2 BUS 3 4.699 19.797 4.21 4.380 82.8 
BUS 2 BUS 4 5.811 17.632 3.03 3.740 89.2 
BUS 2 BUS 5 5.695 17.388 3.05 3.400 87.6 
BUS 3 BUS 4 6.701 17.103 2.55 3.460 96.6 
BUS 4 BUS 5 1.335 4.211 3.15 1.280 20.8 
BUS 6 BUS 11 9.498 19.890 2.09 12.4 
BUS 6 BUS 12 12.291 25.581 2.08 16.1 
BUS 6 BUS 13 6.615 13.027 1.97 8.4 
BUS 7 BUS 8 .000 17.615 
BUS 7 BUS 9 .000 11.001 
BUS 9 BUS 10 3.181 8.450 2.66 46.5 
BUS 9 BUS 14 12.711 27.038 2.13 16.8 
BUS 10 BUS 11 8.205 19.207 2.34 11.4 
BUS 12 BUS 13 22.092 19.988 .90 20.5 
3US 13 BUS 14 17.093 34.802 2.04 22.1 
Transformers  
• 
NO NE R X X % Tap 
BUS 4 BUS 7 .000 20.912 .978 
BUS 4 BUS 9 .000 55.618 .969 
BUS 5 BUS 6 .000 25.202 .932 
Shunt Elements  
NO 	WC*Sbase 
BUS 9 	19.000 
Time for input: 	.09 
Time for compact: .01 
Time for factorization: 	.00 
of iterations: 4 
imum mismatch (in pu): 8.4E-04 1.3E-04 
Time for solution: 	.01 
:ution time: 	.10 
'se : 100. 
4is Vsp Voltage Generation QGmin QGmax Load 
1 1.060 .00 232.38 -16.89 
2 1.045 1.045 -4.98 40.00 42.39 -40.00 50.00 21.70 12.70 
3 1.010 1.010 -12.72 .00 23.39 .00 40.00 94.20 19.00 
6 1.070 1.070 -14.22 .00 12.24 -6.00 24.00 11.20 7.50 
8 1.090 1.090 -13.37 .00 17.36 -6.00 24.00 .00 .00 
us Voltage Load 
4 1.019 -10.32 47.80 -3.90 
5 1.020 -8.78 7.60 1.60 
7 1.062 -13.37 .00 .00 
9 1.056 -14.95 29.50 16.60 
10 1.051 -15.10 9.00 5.80 
11 1.057 -14.80 3.50 1.80 
12 1.055 -15.08 6.10 1.60 
13 1.050 -15.16 13.50 5.80 







tout time: 	.07 
BUS 1 BUS 2 156.83 -20.39 
BUS 1 BUS 5 75.55 3.50 
Total: 232.38 -16.89 
BUS 2 BUS 1 -152.53 27.65 
BUS 2 BUS 3 73.19 3.57 
BUS 2 BUS 4 56.14 -2.29 
BUS 2 BUS 5 41.51 .76 
Total: 18.30 29.69 
BUS 3 BUS 2 -70.87 1.58 
BUS 3 BUS 4 -23.33 2.81 
Total: -94.20 4.39 
BUS 6 BUS 11 7.34 3.47 
BUS 6 BUS 12 7.78 2.49 
BUS 6 BUS 13 17.74 7.17 
BUS 6 BUS 5 -44.06 -8.40 
Total: -11.20 4.74 
BUS 8 BUS 7 .00 17.36 
Total: .00 17.36 
BUS 4 BUS 2 -54.46 3.39 
BUS 4 BUS 3 23.70 -5.42 
BUS 4 BUS 5 -61.22 15.67 
BUS 4 BUS 7 28.09 -9.42 
BUS 4 BUS 9 16.09 -.32 
Total: -47.80 3.90 
BUS 5 BUS 1 -72.79 2.58 
BUS 5 BUS 2 -40.61 -1.63 
BUS 5 BUS 4 61.73 -15.37 
BUS 5 BUS 6 44.06 12.82 
Total: -7.61 -1.60 
WS 7 BUS 8 .00 -16.91 
WS 7 BUS 9 28.09 5.80 
SUS 7 BUS 4 -28.09 11.11 
Total: .00 .00 
SUS 9 BUS 7 -28.09 -5.00 












BUS 9 -5.23 -4.27 
BUS 11 -3.77 -1.53 
Total: -9.00 -5.80 
BUS 6 -7.29 -3.36 
BUS 10 3.79 1.56 
Total: -3.50 -1.80 
BUS 6 -7.71 -2.34 
BUS 13 1.61 .74 
Total: -6.10 -1.60 
BUS 6 -17.53 -6.75 
BUS 12 -1.60 -.74 
BUS 14 5.63 1.69 
Total: -13.50 -5.80 
BUS 9 -9.32 -3.42 
BUS 13 -5.58 -1.58 
Total: -14.90 -5.00 
losses: 	13.39 	5.00 
Appendix F 
250 Bus Network 
Updated Line Values 
NO NE R X X/R wC wCcomp mCset Length 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 3.122 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 1.328 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 .209 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 2.843 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 1.412 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 .544 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 116.200 48.536 48.536* 90.5 
BUS 9 BUS 10 .258 3.220 12.48 123.000 51.278 51.278* 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 2.152 1.748 33.1 
BUS 5 BUS ii 2.030 6.820 3.36 1.738 2.108 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 .613 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 1.926 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 4.993 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 .959 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 2.290 1.876 35.2 
3US 12 BUS 14 2.150 7.070 3.29 1.816 2.213 1.816 34.0 
WS 13 BUS 15 7.440 24.440 3.28 6.268 7.656 6.268 117.8 
1US 14 BUS 15 5.950 19.500 3.28 5.020 6.117 5.020 94.1 
3US 12 BUS 16 2.120 8.340 3.93 2.140 2.355 2.140 36.2 
3US 15 BUS 17 1.320 4.370 3.31 4.440 1.363 1.363* 21.0 
3US 16 BUS 17 4.540 18.010 3.97 4.660 5.061 4.660 77.9 
1US 17 BUS 18 1.230 5.050 4.11 1.298 1.393 1.298 21.4 
► US 	18 BUS 19 1.190 4.930 4.14 1.142 1.353 1.142 20.8 
;US 19 BUS 20 2.520 11.700 4.64 2.980 3.024 2.980 46.5 
, US 	15 BUS 19 1.200 3.940 3.28 1.010 1.235 1.010 19.0 
US 20 BUS 21 1.830 8.490 4.64 2.160 2.195 2.160 33.8 
US 21 BUS 22 2.090 9.700 4.64 2.460 2.507 2.460 38.6 
US 22 BUS 23 3.420 15.900 4.65 4.040 4.107 4.040 63.2 
US 23 BUS 24 1.350 4.920 3.64 4.980 1.450 1.450* 22.3 
US 23 BUS 25 1.560 8.000 5.13 8.640 1.967 1.967* 30.3 
US 25 BUS 27 3.180 16.300 5.13 17.640 4.009 4.009* 61.7 
US 27 BUS 28 1.913 8.550 4.47 2.160 2.254 2.160 34.7 
US 28 BUS 29 2.370 9.430 3.98 2.380 2.646 2.380 40.7 
US 8 BUS 30 .431 5.040 11.69 51.400 82.752 51.400 154.3 
US 26 BUS 30 .799 8.600 10.76 90.800 147.030 90.800 274.2 
US 17 BUS 31 4.740 15.630 3.30 3.990 4.885 3.990 75.2 
US 29 BUS 31 1.080 3.310 3.06 .830 1.081 .830 16.6 
JS 23 BUS 32 3.170 11.530 3.64 11.730 3.402 3.402* 52.3 
JS 31 BUS 32 2.980 9.850 3.31 2.510 3.074 2.510 47.3 
1S 27 BUS 32 2.290 7.550 3.30 1.926 2.360 1.926 36.3 
JS 15 BUS 33 3.800 12.440 3.27 3.194 3.905 3.194 60.1 
15 	19 BUS 34 7.520 24.700 3.28 6.320 7.738 6.320 119.0 
IS 35 BUS 36 .224 1.020 4.55 .268 .266 .268 4.1 
IS 35 BUS 37 1.100 4.970 4.52 1.318 1.303 1.318 20.0 
15 33 BUS 37 4.150 14.200 3.42 3.660 4.342 3.660 66.8 
1S 34 BUS 36 .871 2.680 3.08 .568 .873 .568 13.4 
IS 34 BUS 37 .256 .940 3.67 .984 .276 .276* 4.2 
IS 37 BUS 39 3.210 10.600 3.30 2.700 3.310 2.700 50.9 
rS 	37 BUS 40 5.930 16.800 2.83 4.200 5.764 4.200 88.7 
IS 30 BUS 38 .464 5.400 11.64 42.200 88.865 42.200 165.7 






























































































































































































































































































































































































































































































CIO NE R X X/R wC wCcomp wCset Length 
IUS 71 BUS 72 4.460 18.000 4.04 4.444 5.011 4.444 77.1 
1US 71 BUS 73 .866 4.540 5.24 1.180 1.105 1.180 17.0 
1US 70 BUS 74 4.010 13.230 3.30 3.368 4.133 3.368 63.6 
1US 70 BUS 75 4.280 14.100 3.29 3.600 4.409 3.600 67.8 
tUS 69 BUS 75 4.050 12.200 3.01 12.400 4.028 4.028* 62.0 
IUS 74 BUS 75 1.230 4.060 3.30 1.034 1.268 1.034 19.5 
► US 76 BUS 77 4.440 14.800 3.33 3.680 4.596 3.680 70.7 
IUS 69 BUS 77 3.090 10.100 3.27 10.400 3.173 3.173* 48.8 
ZS 75 BUS 77 6.010 19.990 3.33 5.000 6.215 5.000 95.6 
.US 77 BUS 78 .376 1.240 3.30 1.264 .388 .388* 6.0 
US 78 Bess) low 	79 .546 2.440 4.47 .648 .643 .648 9.9 
ZS 77 BUS 80 1.700 4.850 2.85 4.720 1.657 1.657* 25.5 
US 77 BUS 80 2.940 10.500 3.57 2.280 3.131 2.280 48.2 
US 79 BUS 80 1.560 7.040 4.51 1.870 1.846 1.870 28.4 
US 68 BUS 81 .175 2.020 11.54 80.800 33.373 33.373* 62.2 
US 77 BUS 82 2.980 8.530 2.86 8.180 2.908 2.908* 44.7 
US 82 BUS 83 1.120 3.665 3.27 3.800 1.151 1.151* 17.7 
US 83 BUS 84 5.180 13.200 2.55 2.600 4.850 2.600 74.6 
US 83 BUS 85 4.300 14.800 3.44 3.480 4.510 3.480 69.4 
US 84 BUS 85 2.510 6.410 2.55 1.234 2.352 1.234 36.2 
US 85 BUS 86 3.500 12.300 3.51 2.760 3.703 2.760 57.0 
US 86 BUS 87 2.828 20.740 7.33 4.450 35.892 35.892*. 201.5 
US 85 BUS 88 2.000 10.200 5.10 2.760 2.515 2.760 38.7 
US 85 BUS 89 2.390 17.300 7.24 4.700 30.120 30.120* 169.1 
US 88 BUS 89 1.390 7.120 5.12 1.934 1.752 1.934 27.0 
US 89 BUS 90 5.180 18.800 3.63 5.280 5.555 5.280 85.5 
US 89 BUS 90 2.380 9.970 4.19 10.600 2.720 2.720* 41.8 
US 90 BUS 91 2.540 8.360 3.29 2.140 2.616 2.140 40.2 
US 89 BUS 92 .990 5.050 5.10 5.480 1.245 1.245* 19.2 
US 89 BUS 92 3.930 15.810 4.02 4.140 4.409 4.140 67.8 
US 91 BUS 92 3.870 12.720 3.29 3.268 3.983 3.268 61.3 
JS 92 BUS 93 2.580 8.480 3.29 2.180 2.655 2.180 40.9 
JS 92 BUS 94 4.810 15.800 3.28 4.060 4.949 4.060 76.1 
JS 93 BUS 94 2.230 7.320 3.28 1.876 2.294 1.876 35.3 
JS 94 BUS 95 1.320 4.340 3.29 1.110 1.359 1.110 20.9 
JS 80 BUS 96 3.560 18.200 5.11 4.940 4.482 4.940 69.0 
JS 82 BUS 96 1.620 5.300 3.27 5.440 1.664 1.664* 25.6 
is 94 BUS 96 2.690 8.690 3.23 2.300 2.750 2.300 42.3 
JS 80 BUS 97 1.830 9.340 5.10 2.540 2.302 2.540 35.4 
JS 80 BUS 98 2.380 10.800 4.54 2.860 2.824 2.860 43.5 
JS 80 BUS 99 4.540 20.600 4.54 5.460 5.388 5.460 82.9 
IS 92 BUS 100 6.480 29.500 4.55 7.720 7.702 7.720 118.5 
15 94 BUS 100 1.780 5.800 3.26 6.040 1.826 1.826* 28.1 
IS 95 BUS 96 1.710 5.470 3.20 1.474 1.741 1.474 26.8 
IS 96 BUS 97 1.730 8.850 5.12 2.400 2.179 2.400 33.5 
IS 98 BUS 100 3.970 17.900 4.51 4.760 4.697 4.760 72.3 
IS 99 BUS 100 1.800 8.130 4452 2.160 2.131 2.160 32.8 
IS 100 BUS 101 2.770 12.620 4.56 3.280 3.294 3.280 50.7 
IS 92 BUS 102 1.230 5.590 4.54 1.464 1.461 1.464 22.5 
IS 	101 BUS 102 2.460 11.200 4.55 2.940 2.924 2.940 45.0 
IS 	100 BUS 103 1.600 5.250 3.28 5.360 1.646 1.646* 25.3 
IS 100 BUS 104 4.510 20.400 4.52 5.510 5.344 5.510 82.2 
NO NE R X X/R wC wCcomp wCset Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 4.862 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 5.338 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 6.606 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 1.088 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 1.550 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 5.566 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 2.491 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 5.566 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 1.009 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 4.686 4.710 72.1 
BUS 109 BUS 110 2.780 7.620 2.74 2.020 2.670 2.020 41.1 
BUS 110 BUS 111 2.200 7.550 3.43 2.000 2.304 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 6.200 2.326 2.326* 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 .941 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 6.341 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 1.601 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 1.942 1.972 29.9 
BUS 114 BUS 115 .230 1.040 4.52 .276 .272 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 16.400 6.592 6.592* 12.3 
BUS 12 BUS 117 3.290 14.000 4.26 3.580 3.787 3.580 58.3 
iUS 75 BUS 118 1.450 4.810 3.32 1.200 1.498 1.200 23.0 
SUS 76 BUS 118 1.640 5.440 3.32 1.356 1.694 1.356 26.1 
1 A 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
■ 	1 A 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
■ 	2 A 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
3 A 4 1.320 3.790 2.87 .420 1.289 1.289* ' 19.8 
2 A 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
2 A 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
4 A 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
5 A 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
6 A 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
6 A 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
6 A 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
8 A 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
9 A 11 .000 20.800 
9 A 10 .000 11.000 
12 A 13 .000 14.000 
12 A 14 12.310 25.590 2.08 16.1 
12 A 15 6.620 13.040 1.97 8.4 
12 A 16 9.450 19.870 2.10 12.4 
14 A 15 9.650 19.970 2.07 12.6 
16 A 17 8.240 19.320 2.34 11.5 
15 A 18 10.700 21.850 2.04 13.8 
18 A 19 6.390 12.920 2.02 8.2 
19 A 20 3.400 6.800 2.00 4.4 
10 A 20 9.360 20.900 2.23 12.7 
10 A 17 3.240 6.800 2.10 4.2 
10 A 21 3.480 7.490 2.15 4.6 
10 A 22 7.270 14.990 2.06 9.4 
21 A 22 1.160 2.360 2.03 1.5 
15 A 23 10.000 20.200 2.02 12.9 
22 A 24 11.500 17.900 1.56 13.1 
NO NE R X X/R wC wCcomp wCset Length 
A 23 A 24 13.200 27.000 2.05 17.1 
A 24 A 25 18.850 32.920 1.75 22.6 
A 25 A 26 20.540 38.000 1.85 25.3 
A 25 A 27 10.930 20.870 1.91 13.7 
A 27 A 29 21.980 41.530 1.89 27.4 
A 27 A 30 32.020 60.270 1.88 39.8 
4 29 A 30 23.990 45.330 1.89 29.9 
4 1 BUS 48 4.600 17.680 3.84 2.140 5.057 2.140 77.8 
4 8 BUS 40 1.250 4.620 3.70 .480 1.351 .480 20.8 
4 2 BUS 45 2.600 8.100 3.12 .820 2.620 2.620* 40.3 
k 28 BUS 42 2.110 6.850 3.25 1.890 2.161 1.890 33.2 
k 5 BUS 44 1.900 5.600 2.95 2.600 1.874 2.600 28.8 
3 	1 B 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
1 	1 B 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
i 2 B 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
3 B 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
t 	2 B 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
2 B 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
4 B 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
5 B 7 '4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
6 B 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
6 B 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
6 B 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
8 B 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
9 B 11 .000 20.800 
9 B 10 .000 11.000 
12 B 13 .000 14.000 
12 B 14 12.310 25.590 2.08 16.1 
12 B 15 6.620 13.040 1.97 8.4 
12 B 16 9.450 19.870 2.10 12.4 
14 B 15 9.650 19.970 2.07 12.6 
16 B 17 8.240 19.320 2.34 11.5 
15 B 18 10.700 21.850 2.04 13.8 
18 B 19 6.390 12.920 2.02 8.2 
19 B 20 3.400 6.800 2.00 4.4 
10 B 20 9.360 20.900 2.23 12.7 
10 B 17 3.240 6.800 2.10 4.2 
10 B 21 3.480 7.490 2.15 4.6 
10 B 22 7.270 14.990 2.06 9.4 
21 B 22 1.160 2.360 2.03 1.5 
15 B 23 10.000 20.200 2.02 12.9 
22 B 24 11.500 17.900 1.56 13.1 
23 B 24 13.200 27.000 2.05 17.1 
24 B 25 18.850 32.920 1.75 22.6 
25 B 26 20.540 38.000 1.85 25.3 
25 B 27 10.930 20.870 1.91 13.7 
27 B 29 21.980 41.530 1189 27.4 
27 B 30 32.020 60.270 1.88 39.8 
29 B 30 23.990 45.330 1.89 29.9 
1 BUS 20 1.300 4.800 3.69 .520 1.404 .520 21.6 
4 BUS 21 2.500 8.200 3.28 .750 2.571 2.571* 39.6 
8 BUS 22 2.300 7.900 3.43 .600 2.410 2.410* 37.1 
NO NE R X X/R wC wCcomp wCset Length 
B 28 BUS 32 4.800 17.800 3.71 2.150 5.195 2.150 79.9 
C 1 C 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
C 1 C 3 4.520 18.520 4.10 2.040 5.113 2.040 78.7 
C 2 C 4 5.700 17.370 3.05 1.840 5.695 5.695* 87.6 
C 3 C 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
C 2 C 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
C 2 C 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
C 4 C 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
C 5 C 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
: 6 C 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
6 C 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
: 6 C 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
: 8 C 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
9 C 11 .000 20.800 
: 9 C 10 .000 11.000 
: 12 C 13 .000 14.000 
: 12 C 14 12.310 25.590 2.08 16.1 
: 	12 C 15 6.620 13.040 1.97 8.4 
: 	12 C 16 9.450 19.870 2.10 12.4 
: 	14 C 15 9.650 19.970 2.07 12.6 
16 C 17 8.240 19.320 2.34 11.5 
15 C 18 10.700 21.850 2.04 13.8 
: 	18 • C 19 6.390 12.920 2.02 8.2 
: 	19 C 20 3.400 6.800 2.00 4.4 
10 C 20 9.360 20.900 2.23 12.7 
10 C 17 3.240 6.800 2.10 4.2 
10 C 21 3.480 7.490 2.15 4.6 
10 C 22 7.270 14.990 2.06 9.4 
21 C 22 1.160 2.360 2.03 1.5 
15 C 23 10.000 20.200 2.02 12.9 
22 C 24 11.500 17.900 1.56 13.1 
23 C 24 13.200 27.000 2.05 17.1 
24 C 25 18.850 32.920 1.75 22.6 
25 C 26 20.540 38.000 1.85 25.3 
25 C 27 ' 10.930 20.870 1.91 13.7 
27 C 29 21.980 41.530 1.89 27.4 
27 C 30 32.020 60.270 1.88 39.8 
29 C 30 23.990 45.330 1.89 29.9 
28 BUS 82 1.250 4.580 3.66 .450 1.346 .450 20.7 
8 BUS 83 1.300 4.650 3.58 .520 1.385 .520 21.3 
5 BUS 85 1.500 4.820 3.21 .550 1.530 .550 23.5 
2 BUS 89 4.600 17.200 3.74 2.150 4.996 2.150 76.9 
1 BUS 92 2.000 7.200 3.60 1.160 2.137 1.160 32.9 
4 BUS 95 1.800 6.200 3.44 .950 1.888 .950 29.1 
1 D 2 1.920 5.750 2.99 2.640 1.906 2.640 29.3 
1 D 3 4.520 18.520 :4.10 2.040 5.113 2.040 78.7 
2 D 4 5.700 17.370 1.05 1.840 5.695 5.695* 87.6 
3 D 4 1.320 3.790 2.87 .420 1.289 1.289* 19.8 
2 D 5 4.720 19.830 4.20 2.090 5.401 2.090 83.1 
2 D 6 5.810 17.630 3.03 1.870 5.795 5.795* 89.2 
4 D 6 1.190 4.140 3.48 .450 1.254 .450 19.3 
5 D 7 4.600 13.800 3.00 1.020 4.568 4.568* 70.3 
NO NE R X X/R wC wCcomp wCset Length 
D 6 D 7 2.670 8.200 3.07 .850 2.676 2.676* 41.2 
D 6 D 8 1.200 4.200 3.50 .450 1.267 .450 19.5 
D 6 D 28 1.690 5.990 3.54 .650 1.794 .650 27.6 
D 8 D 28 6.360 20.000 3.14 2.140 6.432 2.140 99.0 
D 9 D 11 .000 20.800 
D 9 D 10 .000 11.000 
D 12 D 13 .000 14.000 
D 12 D 14 12.310 25.590 2.08 16.1 
D 12 D 15 6.620 13.040 1.97 8.4 
D 12 D 16 9.450 19.870 2.10 12.4 
D 14 D ii 9.650 19.970 2.07 12.6 
D 16 D 17 8.240 19.320 2.34 11.5 
D 15 D.18 10.700 21.850 2.04 13.8 
D 18 D 19 6.390 12.920 2.02 8.2 
D 19 D 20 3.400 6.800 2.00 4.4 
D 10 D 20 9.360 20.900 2.23 12.7 
3 10 D 17 3.240 6.800 2.10 4.2 
) 10 D 21 3.480 7.490 2.15 4.6 
) 10 D 22 7.270 14.990 2.06 9.4 
) 21 D 22 1.160 2.360 2.03 1.5 
) 15 D 23 10.000 20.200 2.02 12.9 
) 22 D 24 11.500 17.900 1.56 13.1 
) 23 D 24 13.200 27.000 2.05 17.1 
> 24 D 25 18.850 32.920 1.75 22.6 
) 25 D 26 20.540 38.000 1.85 25.3 
) 25 D 27., 10.930 20.870 1.91 13.7 
) 27 D 29 21.980 41.530 1.89 27.4 
0 27 D 30 32.020 60.270 . 1.88 39.8 
■ 29 D 30 23.990 45.330 1.89 29.9 
■ 	1 BUS 56 1.150 4.200 3.65 .400 1.237 1.237* 19.0 
■ 	4 BUS 51 4.600 15.200 3.30 2.200 4.745 2.200 73.0 
1 	5 BUS 66 2.200 7.150 3.25 1.200 2.254 1.200 34.7 
8 BUS 67 2.300 7.500 3.26 1.150 2.360 1.150 36.3 
28 BUS 59 6.200 21.000 3.39 3.150 6.459 3.150 99.4 
1 E 2 1.938 5.917 3.05 5.280 1.938 1.938* 29.8 
1 E 5 5.403 22.304 4.13 4.920 6.133 4.920 94.4 
2 E 3 4.699 19.797 4.21 4.380 5.384 4.380 82.8 
2 E 4 5.811 17.632 3.03 3.740 5.796 3.740 89.2 
2 E 5 5.695 17.388 3.05 3.400 5.694 3.400 87.6 
3 E 4 6.701 17.103 2.55 3.460 6.277 3.460 96.6 
4 E 5 1.335 4.211 3.15 1.280 1.352 1.280 20.8 
6 E 11 9.498 19.890 2.09 12.4 
6 E 12 12.291 25.581 2.08 16.1 
6 E 13 6.615 13.027 1.97 8.4 
7 E 8 .000 17.615 
7 E 9 .000 11.001 
9 E 10 3.181 8.450 2.66 46.5 
9 E 14 12.711, 27.038 2.13 16.8 
10 E 11 8.205 19.207 2.34 11.4 
12 E 13 22.092 19.988 .90 20.5 
13 E 14 17.093 34.802 2.04 22.1 
1 BUS 102 1.100 4.100 3.73 .520 1.193 .520 18.4 
. 
VO NE R R AIR siC wCcomp wCset Length 
E 2 BUS 97 2.200 8.000 3.64 1.200 2.361 1.200 36.3 
E 5 BUS 90 2.300 7.500 3.26 1.150 2.360 1.150 36.3 
Appendix G 
250 Bus Network 
MLR Based Results 
Base Case A 
G.1 Transmission Line Data 
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G.2 Bus Oriented Results 






X/R wC*Sbase Length R % X % 
BUS 1 BUS 2 3.030 9.990 3.30 2.540 48.0 
BUS 1 BUS 3 1.290 4.240 3.29 1.082 20.4 
BUS 4 BUS 5 .176 .798 4.53 .210 3.2 
BUS 3 BUS 5 2.410 10.800 4.48 2.840 43.7 
BUS 5 BUS 6 1.190 5.400 4.54 1.426 21.7 
BUS 6 BUS 7 .459 2.080 4.53 .550 8.4 
BUS 8 BUS 9 .244 3.050 12.50 48.536 90.5 
BUS 9 BUS 10 .258 3.220 12.48 51.278 95.6 
BUS 4 BUS 11 2.090 6.880 3.29 1.748 33.1 
BUS 5 BUS 11 2.030 6.820 3.36 1.738 32.4 
BUS 11 BUS 12 .595 1.960 3.29 .502 9.4 
BUS 2 BUS 12 1.870 6.160 3.29 1.572 29.6 
BUS 3 BUS 12 4.840 16.000 3.31 4.060 76.8 
BUS 7 BUS 12 .862 3.400 3.94 .874 14.7 
BUS 11 BUS 13 2.225 7.310 3.29 1.876 35.2 
BUS 12 BUS 14 2.150 7.070 3.29 1.816 34.0 
BUS 13 BUS 15 7.440 24.440 3.28 6.268 117.8 
BUS 14 BUS 15 5.950 19.500 3.28 5.020 94.1 
BUS 12 BUS 16 2.120 8.340 3.93 2.140 36.2 
BUS 15 BUS 17 1.320 4.370 3.31 1.363 21.0 
BUS 16 BUS 17 4.540 18.010 3.97 4.660 77.9 
BUS 17 BUS 18 1.230 5.050 4.11 1.298 21.4 
BUS 18 BUS 19 1.190 4.930 4.14 1.142 20.8 
BUS 19 BUS 20 2.520 11.700 4.64 2.980 46.5 
BUS 15 BUS 19 1.200 3.940 3.28 1.010 19.0 
BUS 20 BUS 21 1.830 8.490 4.64 2.160 33.8 
BUS 21 BUS 22 2.090 9.700 4.64 2.460 38.6 
BUS 22 BUS 23 3.420 15.900 4.65 4.040 63.2 
BUS 23 BUS 24 1.350 4.920 3.64 1.450 22.3 
3US 23 BUS 25 1.560 8.000 5.13 1.967 30.3 
3US 25 BUS 27 3.180 16.300 5.13 4.009 61.7 
BUS 27 BUS 28 1.913 8.550 4.47 2.160 34.7 
3US 28 BUS 29 2.370 9.430 3.98 2.380 40.7 
3US 8 BUS 30 .431 5.040 11.69 51.400 154.3 
BUS 26 BUS 30 .799 8.600 10.76 90.800 274.2 
BUS 17 BUS 31 4.740 15.630 3.30 3.990 75.2 
BUS 29 BUS 31, 1.080 3.310 3.06 .830 16.6 
tUS 23 BUS 32 3.170 11.530 3.64 3.402 52.3 
IUS 31 BUS 32 2.980 9.850 3.31 2.510 47.3 
.US 27 BUS 32 2.290 7.550 3.30 1.926 36.3 
ITS 15 BUS 33 3.800 12.440 3.27 3.194 60.1 
US 19 BUS 34 7.520 24.700 3.28 6.320 119.0 
US 35 BUS 36 .224 1.020 4.55 .268 4.1 
US 35 BUS 31 1.100 4.970 4.52 1.318 20.0 
US 33 BUS 37 4.150 14.200 3.42 3.660 66.8 
US 34 BUS 36 .871 2.680 3.08 .568 13.4 
US 34 BUS 37 .256 .940 3.67 .276 4.2 
US 37 BUS 39 3.210 10.600 3.30 2.700 50.9 
US 37 BUS 40 5.930 16.800 2.83 4.200 88.7 
US 30 BUS 38 .464 5.400 11.64 42.200 165.7 
US 39 BUS 40 1.840 6.050 3.29 1.552 29.1 
NO NE R % X 7, X/R wC*Sbase Length 
BUS 40 BUS 41 1.450 4.780 3.30 1.222 23.0 
BUS 40 BUS 42 5.550 18.300 3.30 4.660 88.0 
BUS 41 BUS 42 4.100 13.500 3.29 3.440 65.0 
BUS 43 BUS 44 6.080 24.540 4.04 6.068 105.1 
BUS 34 BUS 43 4.130 16.810 4.07 4.226 71.7 
BUS 44 BUS 45 2.240 9.010 4.02 2.240 38.7 
BUS 45 BUS 46 4.000 13.560 3.39 3.320 64.1 
BUS 46 BUS 47 3.800 12.700 3.34 3.160 60.6 
BUS 46 BUS 48 6.010 18.900 3.14 4.720 93.5 
BUS 47 BUS 49 1.910 6.250 3.27 1.604 30.2 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 42 BUS 49 7.150 32.300 4.52 8.600 130.3 
BUS 45 BUS 49 6.840 18.600 2.72 4.440 100.8 
BUS 48 BUS 49 1.790 5.050 2.82 1.258 26.7 
BUS 49 BUS 50 2.670 7.520 2.82 1.874 39.8 
BUS 49 BUS 51 4.860 13.700 2.82 3.420 72.5 
BUS 51 BUS 52 2.030 5.880 2.90 1.396 30.6 
BUS 52 BUS 53 4.050 16.350 4.04 4.060 70.0 
BUS 53 BUS 54 2.630 12.200 4.64 2.100 48.5 
BUS 49 BUS 54 7.300 28.900 3.96 7.380 125.1 
BUS 49 BUS 54 8.690 29.100 3.35 7.300 138.6 
BUS 54 BUS 55 1.690 7.070 4.18 2.020 29.7 
BUS 54 BUS 56 .275 .955 3.47 .289 4.5 
3US 55 BUS 56 .488 1.510 3.09 .374 7.5 
3US 56 BUS 57 3.430 9.660 2.82 2.420 51.2 
3US 50 BUS 57 4.740 13.400 2.83 3.320 70.8 
BUS 56 BUS 58 3.430 9.660 2.82. 2.420 51.2 
BUS 51 BUS 58 2.550 7.190 2.82 1.788 38.1 
BUS 54 BUS 59 5.030 22.930 4.56 5.980 92.0 
IUS 56 BUS 59 8.250 25.100 3.04 5.690 126.7 
AIS 56 BUS 59 8.030 23.900 2.98 5.360 122.3 
,US 55 BUS 59 4.739 21.580 4.55 5.646 86.7 
US 59 BUS 60 3.170 14.500 4.57 3.760 58.1 
US 59 BUS 61 3.280 15.000 4.57 3.880 60.1 
US 60 BUS 61 .264 1.350 5.11 .332 5.1 
US 60 BUS 62 1.230 5.610 4.56 1.468 22.5 
US 61 BUS 62 .824 3.760 4.56 .980 15.1 
US 63 BUS 64 .172 2.000 11.63 21.600 61.4 
US 38 BUS 65 .901 9.860 10.94 104.600 311.8 
US 64 BUS 65 .269 3.020 11.23 38.000 94.3 
US 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
US 49 BUS 66 1.800 9.190 5.11 2.480 34.8 
JS 62 BUS 66 4.820 21.800 4.52 5.980 87.9 
JS 62 BUS 67 2.580 11.700 4.53 3.100 47.1 
JS 66 BUS 67 2.240 10.150 4.53 2.682 40.9 
JS 65 BUS 68 .138 1.600 11,59 26.378 49.2 
JS 47 BUS 69 8.440 27.780 3.29 7.092 133.7 
JS 49 BUS 69 9.850 32.400 3.29 8.280 156.0 
JS 69 BUS 70 3.000 12.700 4.23 3.445 53.0 
IS 24 BUS 70 10.221 41.150 4.03 10.200 176.5 
IS 70 BUS 71 .882 3.550 4.02 .880 15.2 
IS 24 BUS 72 4.880 19.600 4.02 4.880 84.2 
NO NE R X X X X/R wC*Sbase Length 
BUS 71 BUS 72 4.460 18.000 4.04 4.444 77.1 
BUS 71 BUS 73 .866 4.540 5.24 1.180 17.0 
BUS 70 BUS 74 4.010 13.230 3.30 3.368 63.6 
BUS 70 BUS 75 4.280 14.100 3.29 3.600 67.8 
BUS 69 BUS 75 4.050 12.200 3.01 4.028 62.0 
BUS 74 BUS 75 1.230 4.060 3.30 1.034 19.5 
BUS 76 BUS 77 4.440 14.800 3.33 3.680 70.7 
BUS 69 BUS 77 3.090 10.100 3.27 3.173 48.8 
BUS 75 BUS 77 6.010 19.990 3.33 5.000 95.6 
BUS 77 BUS 78 .376 1.240 3.30 .388 6.0 
BUS 78 BUS 79 .546 2.440 4.47 .648 9.9 
BUS 77 BUS 80 1.700 4.850 2.85 1.657 25.5 
BUS 77 BUS 80 2.940 10.500 3.57 2.280 48.2 
BUS 79 BUS 80 1.560 7.040 4.51 1.870 28.4 
BUS 68 BUS 81 .175 2.020 11.54 33.373 62.2 
BUS 77 BUS 82 2.980 8.530 2.86 2.910 44.7 
BUS 82 BUS 83 1.120 3.665 3.27 1.151 17.7 
BUS 83 BUS 84 5.180 13.200 2.55 2.600 74.6 
BUS 83 BUS 85 4.300 14.800 3.44 3.480 69.4 
BUS 84 BUS 85 2.510 6.410 2.55 1.234 36.2 
BUS 85 BUS 86 3.500 12.300 3.51 2.760 57.0 
BUS 86 BUS 87 2.828 20.740 7.33 35.892 201.5 
BUS 85 BUS 88 2.000 10.200 5.10 2.760 38.7 
BUS 85 BUS 89 2.390 17.300 7.24 30.120 169.1 
BUS 88 BUS 89 1.390 7.120 5.12 1.934 27.0 
BUS 89 BUS 90 5.180 18.800 3.63 5.280 85.5 
BUS 89 BUS 90 2.380 9.970 4.19 2.720 41.8 
tUS 90 BUS 91 2.540 8.360 3.29 2.140 40.2 
tUS 89 BUS 92 .990 5.050 5.10 1.245 19.2 
.US 89 BUS 92 3.930 15.810 4.02 4.140 67.8 
IS 91 BUS 92 3.870 12.720 3.29 3.268 61.3 
US 92 BUS 93 2.580 8.480 3.29 2.180 40.9 
US 92 BUS 94 4.810 15.800 3.28 4.060 76.1 
US 93 BUS 94 2.230 7.320 3.28 1.876 35.3 
US 94 BUS 95 1.320 4.340 3.29 1.110 20.9 
US 80 BUS 96 3.560 18.200 5.11 4.940 69.0 
US 82 BUS 96 1.620 5.300 3.27 1.664 25.6 
US 94 BUS 96 2.690 8.690 3.23 2.300 42.3 
US 80 BUS 97 1.830 9.340 5.10 2.540 35.4 
US 80 BUS 98 2.380 10.800 4.54 2.860 43.5 
US 80 BUS 99 4.540 20.600 4.54 5.460 82.9 
US 92 BUS 100 6.480 29.500 4.55 7.720 118.5 
JS 94 BUS 100 1.780 5.800 3.26 1.826 28.1 
JS 95 BUS 96 1.710 5.470 3.20 1.474 26.8 
JS 96 BUS 97 1.730 8.850 5.12 2.400 33.5 
JS 98 BUS 100 3.970 17.900 4.51 4.760 72.3 
IS 99 BUS 100 1.800 8.130 4.52 1.646 32.8 
JS 100 BUS 101 2.770 12.620 4.56 3.280 50.7 
IS 92 BUS 102 1.230 5.590 4.54 1.464 22.5 
IS 	101 BUS 102 2.460 11.200 4.55 2.940 45.0 
IS 100 BUS 103 1.600 5.250 3.28 1.646 25.3 
IS 100 BUS 104 4.510 20.400 4.52 5.510 82.2 
NO NE R % X % X/R wC*Sbase Length 
BUS 103 BUS 104 4.660 15.840 3.40 4.070 74.8 
BUS 103 BUS 105 5.350 16.250 3.04 4.080 82.1 
BUS 100 BUS 106 6.050 22.900 3.79 6.200 101.6 
BUS 104 BUS 105 .994 3.780 3.80 .986 16.7 
BUS 105 BUS 106 1.400 5.470 3.91 1.434 23.9 
BUS 105 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 105 BUS 108 2.610 7.030 2.69 1.844 38.3 
BUS 106 BUS 107 5.300 18.300 3.45 4.720 85.6 
BUS 108 BUS 109 1.050 2.880 2.74 .760 15.5 
BUS 103 BUS 110 3.906 18.130 4.64 4.710 72.1 
BUS 109 BL,s 	110 2.780 7.620 2.74 2.020 41.1 
BUS 110 BUS 111 2.200 7.550 3.43 2.000 35.5 
BUS 110 BUS 112 2.470 6.400 2.59 2.326 35.8 
BUS 17 BUS 113 .913 3.010 3.30 .768 14.5 
BUS 32 BUS 113 6.150 20.300 3.30 5.180 97.5 
BUS 32 BUS 114 1.350 6.120 4.53 1.626 24.6 
BUS 27 BUS 115 1.640 7.410 4.52 1.972 29.9 
BUS 114 BUS 115 .230 1.040 4.52 .276 4.2 
BUS 68 BUS 116 .034 .405 11.91 6.592 12.3 
3US 12 BUS 117 3.290 14.000 4.26 3.580 58.3 
3US 75 BUS 118 1.450 4.810 3.32 1.200 23.0 
3US 76 BUS 118 1.640 5.440 3.32 1.356 26.1 
k 	1 A 2 1.920 5.750 2.99 2.640 29.3 
k 	1 A 3 4.520 18.520 4.10 2.040 78.7 
k 2 A 4 5.700 17.370 3.05 5.695 87.6 
► 3 A 4 1.320 3.790 2.87 1.289 19.8 
► 2 A 5 4.720 19.830 4.20 2.090 83.1 
► 2 A 6 5.810 17.630 3.03 5.795 89.2 
► 4 A 6 1.190 4.140 3.48 .450 19.3 
► 5 A 7 4.600 13.800 3.00 4.568 70.3 
6 A 7 2.670 8.200 3.07 2.676 41.2 
6 A 8 1.200 4.200 3.50 .450 19.5 
6 A 28 1.690 5.990 3.54 .650 27.6 
8 A 28 6.360 20.000 3.14 2.140 99.0 
. 	9 A 11 .000 20.800 
9 A 10 .000 11.000 
12 A 13 .000 14.000 
12 A 14 12.310 25.590 2.08 16.1 
12 A 15 6.620 13.040 1.97 8.4 
12 A 16 9.450 19.870 2.10 12.4 
14 A 15 9.650 19.970 2.07 12.6 
16 A 17 8.240 19.320 2.34 11.5 
15 A 18 10.700 21.850 2.04 13.8 
18 A 19 6.390 12.920 2.02 8.2 
19 A 20 3.400 6.800 2.00 4.4 
10 A 20 9.360 20.900 :2.23 12.7 
10 A 17 3.240 6.800 Z.10 4.2 
10 A 21 3.480 7.490 2.15 4.6 
10 A 22 7.270 14.990 2.06 9.4 
21 A 22 1.160 2.360 2.03 1.5 
15 A 23 10.000 20.200 2.02 12.9 
22 A 24 11.500 17.900 1.56 13.1 
NO NE R % X X X/R wC*Sbase Length 
A 23 A 24 13.200 27.000 2.05 17.1 
A 24 A 25 18.850 32.920 1.75 22.6 
A 25 A 26 20.540 38.000 1.85 25.3 
A 25 A 27 10.930 20.870 1.91 13.7 
A 27 A 29 21.980 41.530 1.89 27.4 
A 27 A 30 32.020 60.270 1.88 39.8 
A 29 A 30 23.990 45.330 1.89 29.9 
A 1 BUS 48 4.600 17.680 3.84 2.140 77.8 
A 8 BUS 40 1.250 4.620 3.70 .480 20.8 
A 2 BUS 45 2.600 8.100 3.12 2.620 40.3 
A 28 PT2c 42 2.110 6.850 3.25 1.890 33.2 
A 5 BUS 44 1.900 5.600 2.95 2.600 28.8 
B 1 B 2 1.920 5.750 2.99 2.640 29.3 
B 	1 B 3 4.520 18.520 4.10 2.040 78.7 
B 2 B 4 5.700 17.370 3.05 5.695 87.6 
3 3 B 4 1.320 3.790 2.87 1.289 19.8 
3 2 B 5 4.720 19.830 4.20 2.090 83.1 
3 2 B 6 5.810 17.630 3.03 5.795 89.2 
3 4 B 6 1.190 4.140 3.48 .450 19.3 
1 	5 B 7 4.600 13.800 3.00 4.568 70.3 
i 	6 B 7 2.670 8.200 3.07 2.676 41.2 
16 B 8 1.200 4.200 3.50 .450 19.5 
6 B 28 1.690 5.990 3.54 .650 27.6 
8 B 28 6.360 20.000 3.14 2.140 99.0 
9 B 	11 .000 20.800 
9 B 10 .000 11.000 
12 B 13 .000 14.000 
12 B 14 12.310 25.590 2.08 16.1 
12 B 15 6.620 13.040 1.97 8.4 
12 B 16 9.450 19.870 2.10 12.4 
14 B 15 9.650 19.970 2.07 12.6 
16 B 17 8.240 19.320 2.34 11.5 
15 B 18 10.700 21.850 2.04 13.8 
18 B 19 6.390 12.920 2.02 8.2 
19 B 20 3.400 6.800 2.00 4.4 
10 B 20 9.360 20.900 2.23 12.7 
10 B 17 3.240 6.800 2.10 4.2 
10 B 21 3.480 7.490 2.15 4.6 
10 B 22 7.270 14.990 2.06 9.4 
21 B 22 1.160 2.360 2.03 1.5 
15 B 23 10.000 20.200 2.02 12.9 
22 B 24 11.500 17.900 1.56 13.1 
23 B 24 13.200 27.000 2.05 17.1 
24 B 25 18.850 32.920 1.75 22.6 
25 B 26 20.540 38.000 1.85 25.3 
25 B 27 10.930 20.870 1.91 13.7 
27 B 29 21.980 41.530 1.89 27.4 
27 B 30 32.020 60.270 1.88 39.8 
29 B 30 23.990 45.330 1.89 29.9 
1 BUS 20 1.300 4.800 3.69 .520 21.6 
4 BUS 21 2.500 8.200 3.28 2.571 39.6 
B BUS 22 2.300 7.900 3.43 2.410 37.1 
NO NE R % X % X/R wC*Sbase Length 
B 28 BUS 32 4.800 17.800 3.71 2.150 79.9 
C 1 C 2 1.920 5.750 2.99 2.640 29.3 
C 1 C 3 4.520 18.520 4.10 2.040 78.7 
C 2 C 4 5.700 17.370 3.05 5.695 87.6 
C 3 C 4 1.320 3.790 2.87 1.289 19.8 
C 2 C 5 4.720 19.830 4.20 2.090 83.1 
C 2 C 6 5.810 17.630 3.03 5.795 89.2 
C 4 C 6 1.190 4.140 3.48 .450 19.3 
.2 5 C 7 4.600 13.800 3.00 4.568 70.3 
: 6 C 7 2.670 8.200 3.07 2.676 41.2 
: 6 C 8 1.200 4.200 3.50 .450 19.5 
: 6 C 28 1.690 5.990 3.54 .650 27.6 
: 8 C 28 6.360 20.000 3.14 2.140 99.0 
: 9 C 11 .000 20.800 
: 9 C 10 .000 11.000 
: 	12 C 13 .000 14.000 
2 12 C 14 12.310 25.590 2.08 16.1 
: 	12 C 15 6.620 13.040 1.97 8.4 
: 	12 C 16 9.450 19.870 2.10 12.4 
: 	14 C 15 9.650 19.970 2.07 12.6 
: 	16 C 17 8.240 19.320 2.34 11.5 
: 	15 C 18 10.700 21.850 2.04 13.8 
: 	18 C 19 6.390 12.920 2.02 8.2 
: 	19 C 20 3.400 6.800 2.00 4.4 
10 C 20 9.360 20.900 2.23 12.7 
10 C 17 3.240 6.800 2.10 4.2 
10 C 21 3.480 7.490 2.15 4.6 
10 C 22 7.270 14.990 2.06 9.4 
21 C 22 1.160 2.360 2.03 1.5 
15 C 23 10.000 20.200 2.02 12.9 
22 C 24 11.500 17.900 1.56 13.1 
23 C 24 13.200 27.000 2.05 17.1 
24 C 25 18.850 32.920 1.75 22.6 
25 C 26 20.540 38.000 1.85 25.3 
25 C 27 • 10.930 20.870 1.91 13.7 
27 C 29 21.980 41.530 1.89 27.4 
27 C 30 32.020 60.270 1.88 39.8 
29 C 30 23.990 45.330 1.89 29.9 
28 BUS 82 1.250 4.580 3.66 .450 20.7 
8 BUS 83 1.300 4.650 3.58 .520 21.3 
5 BUS 85 1.500 4.820 3.21 .550 23.5 
2 BUS 89 4.600 17.200 3.74 2.150 76.9 
1 BUS 92 2.000 7.200 3.60 1.160 32.9 
4 BUS 95 1.800 6.200 3.44 .950 29.1 
1 D 2 1.920 5.750 2.99 2.640 29.3 
1 D 3 4.520 18.520 4.10 2.040 78.7 
2 D 4 5.700 17.370 3-.05 5.695 87.6 
3 D 4 1.320 3.790 2.87 1.289 19.8 
2 D 5 4.720 19.830 4.20 2.090 83.1 
2 D 6 5.810 17.630 3.03 5.795 89.2 
4 D 6 1.190 4.140 3.48 .450 19.3 
5 D 7 4.600 13.800 3.00 4.568 70.3 
NO NE R % X % X/R wC*Sbase Length 
D 6 D 7 2.670 8.200 3.07 2.676 41.2 
D 6 D 8 1.200 4.200 3.50 .450 19.5 
D 6 D 28 1.690 5.990 3.54 .650 27.6 
D 8 D 28 6.360 20.000 3.14 2.140 99.0 
D 9 D 11 .000 20.800 
D 9 D 10 .000 11.000 
D 12 D 13 .000 14.000 
D 12 D 14 12.310 25.590 2.08 16.1 
D 12 D 15 6.620 13.040 1.97 8.4 
D 12 D 16 9.450 19.870 2.10 12.4 
D 14 D 15 9.650 19.970 2.07 12.6 
) 16 D 17 8.240 19.320 2.34 11.5 
) 15 D 18 10.700 21.850 2.04 13.8 
) 18 D 19 6.390 12.920 2.02 8.2 
) 19 D 20 3.400 6.800 2.00 4.4 
) 10 D 20 9.360 20.900 2.23 12.7 
) 10 D 17 3.240 6.800 2.10 4.2 
) 10 D 21 3.480 7.490 2.15 4.6 
) 10 D 22 7.270 14.990 2.06 9.4 
) 21 D 22 1.160 2.360 2.03 1.5 
) 15 D 23 10.000 20.200 2.02 12.9 
) 22 D 24 11.500 17.900 1.56 13.1 
) 23 D 24 13.200 27.000 2.05 17.1 
) 24 D 25 18.850 32.920 1.75 22.6 
) 25 D 26 20.540 38.000 1.85 25.3 
25 D 27 	. 10.930 20.870 1.91 13.7 
) 27 D 29 21.980 41.530 1.89 27.4 
1 27 D 30 32.020 60.270 1.88 39.8 
1 29 D 30 23.990 45.330 1.89 29.9 
1 	1 BUS 56 1.150 4.200 3.65 1.237 19.0 
1 	4 BUS 51 4.600 15.200 3.30 2.200 73.0 
I 5 BUS 66 2.200 7.150 3.25 1.200 34.7 
8 BUS 67 2.300 7.500 3.26 1.150 36.3 
28 BUS 59 6.200 21.000 3.39 3.150 99.4 
1 E 2 1.938 5.917 3.05 1.938 29.8 
1 E 5 5.403 22.304 4.13 4.920 94.4 
2 E 3 4.699 19.797 4.21 4.380 82.8 
2 E 4 5.811 17.632 3.03 3.740 89.2 
2 E 5 5.695 17.388 3.05 3.400 87.6 
3 E 4 6.701 17.103 2.55 3.460 96.6 
4 E 5 1.335 4.211 3.15 1.280 20.8 
6 E 11 9.498 19.890 2.09 12.4 
6 E 12 12.291 25.581 2.08 16.1 
6 E 13 6.615 13.027 1.97 8.4 
7 E 8 .000 17.615 
7 E 9 .000 11.001 
9 E 10 3.181 8.450 7.66 46.5 
9 E 14 12.711 27.038 2.13 16.8 
10 E 11 8.205 19.207 2.34 11.4 
12 E-13 22.092 19.988 .90 20.5 
13 E 14 17.093 34.802 2.04 22.1 
1 BUS 102 1.100 4.100 3.73 .520 18.4 
NO NE R 'X X :4 X/R wC*Sbase Length 
E 2 BUS 97 2.200 8.000 3.64 1.200 36.3 
E 5 BUS 90 2.300 7.500 3.26 1.150 36.3 
Transformers  
NO NE R % X % Tap 
BUS 8 BUS 5 .000 2.670 .985 
BUS 26 BUS 25 .000 3.820 .960 
BUS 30 BUS 17 .000 3.880 .960 
BUS 38 BUS 37 .000 3.750 .935 
BUS 63 BUS 59 .000 3.860 .960 
BUS 64 BUS 61 .000 2.680 .985 
BUS 65 BUS 66 .000 3.700 .935 
BUS 68 BUS 69 .000 3.700 .935 
BUS 81 BUS 80 .000 3.700 .935 
A 6 A 9 .000 20.800 .978 
A 6 A 10 .000 55.600 .969 
A 4 A 12 .000 25.600 .932 
A 28 A 27 .000 39.600 .968 
B 6 B 9 .000 20.800 .978 
B 6 B 10 .000 55.600 .969 
B 4 B 12 .000 25.600 .932 
3 28 B 27 .000 39.600 .968 
6 C 9 .000 20.800 .978 
: 6 C 10 .000 55.600 .969 
4 C 12 .000 25.600 .932 
: 28 C 27 .000 39.600 .968 
) 6 D 9 .000 20.800 .978 
) 6 D 10 .000 55.600 .969 
) 4 D 12 .000 25.600 .932 
) 28 D 27 .000 39.600 .968 
4 E 7 .000 20.912 .978 
4 E 9 .000 55.618 .969 
5 E 6 .000 25.202 .932 
Shunt Elements  
NO 	wC*Sbase 
BUS 5 	-40.000 
BUS 17 .000 
BUS 34 	14.000 
BUS 37 -25.000 
BUS 44 	10.000 
BUS 45 10.000 
BUS 46 	10.000 
BUS 48 15.000 
BUS 74 	12.000 
BUS 79 20.000 
BUS 82 	20.000 
BUS 83 10.000 
BUS 105 	20.000 
BUS 107 6.000 
BUS 110 	6.000 
A 10 19.011 
A 24 	4.000 
B 10 19.011 
B 24 	4.000 
C 10 19.011 
C 24 	4.000 
D 10 19.011 
D 24 	4.000 
E 9 19.000 
Time for input: 3.28 
Time for compact: 	.25 
Time for factorization: 	.30 
No. of iterations: 	9.5 
Maximum mismatch (in pu): 	8.7E-04 5.6E-04 
Time for solution: .26 
Execution time: 	4.08 
S base : 	100. 
Bus 	 Vsp 	Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 194.15 -35.71 
BUS 1 .960 .960 18.35 .00 12.92 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 23.89 50.00 -12.39 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 20.78 .00 31.66 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 29.58 40.00 144.85 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 44.49 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 20.04 85.00 112.26 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 18.83 .00 -5.46 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 19.17 .00 8.47 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 18.50 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 29.72 49.00 -10.32 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 35.78 220.00 70.80 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 37.51 314.00 10.30-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 25.08 45.00 -9.99 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 21.00 7.00 40.49 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 22.71 .00 -14.00 -14.00 42.00 59.00 23.00 
BUS 34 .984 .987+ 17.67 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 17.28 .00 .68 -8.00 24.00 31.00 17.00 
BUS 40 .970 .970 14.20 -46.00 -35.26 -300.00 300.00 20.00 23.00 
BUS 42 .985 .985 14.46 -59.00 26.92 -300.00 300.00 37.00 23.00 
BUS 46 1.080 1.080 22.57 89.00 91.58 -100.00 100.00 28.00 10.00 
BUS 49 1.025 1.025 24.69 204.00 .93 -85.00 210.00 87.00 30.00 
BUS 54 .970 .970 21.80 48.00 -20.07 -300.00 300.00 113.00 52.00 
BUS 55 .970 .970 21.58 .00 2.84 -8.00 23.00 63.00 22.00 
BUS 56 .970 .974+ 21.90 .00 -7.78 -8.00 15.00 84.00 38.00 
BUS 59 .985 .985 23.94 155.00 42.50 -60.00 180.00 277.00 113.00 
tUS 61 .995 .995 27.39 160.00 -13.97 -100.00 300.00 .00 .00 
tUS 62 .998 .998 26.36 .00 20.70 -20.00 30.00 77.00 24.00 
tUS 65 1.005 1.005 30.51 391.00 101.78 -67.00 200.00 .00 .00 
tUS 66 1.050 1.050 29.67 392.00 38.59 -67.00 200.00 39.00 18.00 
ITS 70 .984 .984+ 27.07 .00 -10.00 -10.00 32.00 66.00 20.00 
US 72 .980 .980 31.72 43.00 -23.87 -100.00 100.00 .00 .00 
.14 73 .991 .991 29.44 37.00 1.10 -100.00 100.00 .00 .00 
US 74 .975 .975 24.30 .00 27.60 -6.00 39.00 68.00 27.00 
US 76 .970 .970 24.48 .00 41.53 -8.00 80.00 68.00 37.00 
US 77 1.006 1.006+ 30.74 .00 -20.00 -20.00 70.00 61.00 20.00 
US 80 1.040 1.040 33.71 477.00 175.03 -165.00 280.00 130.00 56.00 
US 85 1.020 1.020 36.82 .00 3.02 -8.00 23.00 24.00 15.00 
US 87 1.015 1.015 36.06 4.00 -22.23 -100.00 1000.00 .00 .00 
US 89 1.055 1.055 43.79 607.00 114.16 -210.00 300.00 .00 .00 
US 90 .985 .985 37.41 -85.00 -13.91 -300.00 300.00 78.00 52.00 
US 91 .985 .985 39.50 20.00 -44.66 -100.00 100.00 .00 .00 
US 92 1.030 1.033+ 40.19 .00 -3.00 -3.00 20.00 65.00 20.00 
US 99 1.015 1.015 38.16 35.00 -24.64 -100.00 100.00 .00 .00 
US 100 1.017 1.017 38.17 252.00 57.47 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 36.64 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 34.42 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 34.37 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 36.99 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 36.59 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.51 -184.00 104.56-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 21.39 100.00 4.11 -100.00 100.00 .00 .00 
A 2 1.045 1.045 19.11 80.00 77.66 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 15.73 50.00 32.51 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 14.43 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 16.09 20.00 8.48 -10.00 45.83 .00 .00 
A 13 1.050 1.050 14.42 20.00 4.71 -15.00 56.57 .00 .00 
B 1 1.050 1.050 20.17 100.00 69.35 -100.00 100.00 .00 .00 
B 2 1.045 1.045 19.55 80.00 42.28 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 15.74 50.00 36.83 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 18.21 20.00 63.10 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 18.76 20.00 7.06 -10.00 45.83 .00 .00 
B 13 1.050 1.050 16.73 20.00 4.20 -15.00 56.57 .00 .00 
C 1 1.050 1.050 40.85 100.00 24.36 -100.00 100.00 .00 .00 
C 2 1.045 1.045 39.83 80.00 37.72 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 36.22 50.00 14.98 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 34.34 20.00 43.10 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 35.82 20.00 6.78 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.12 20.00 3.82 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 24.26 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 25.33 80.00 9.60 -20.00 60.00 21.70 12.70 
D 5 1.010 1.010 26.69 50.00 -1.21 -15.00 62.45 94.20 39.00 
D 8 1.010 1.010 24.26 20.00 46.69 -15.00 75.00 30.00 30.00 
D 11 1.050 1.050 24.43 20.00 8.35 -10.00 45.83 .00 .00 
D 13 1.050 1.050 22.15 20.00 7.02 -15.00 56.57 .00 .00 
E 1 1.060 1.060 40.06 250.00 83.59 -40.00 90.00 20.00 12.00 
E 2 1.045 1.028- 35.75 40.00 50.00 -40.00 50.00 21.70 12.70 
E 3 .970 .970 28.74 .00 31.82 .00 70.00 94.20 39.00 
E 6 1.040 1.040 28.22 .00 15.95 -6.00 34.00 11.20 7.50 
E 8 1.050 1.050 28.97 .00 15.83 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .973 	19.00 20.00 9.00 
BUS 3 .967 19.32 50.00 20.00 
BUS 5 1.001 24.13 40.00 18.00 
BUS 7 .987 20.14 51.00 14.00 
BUS 9 1.034 36.94 .00 .00 
BUS 11 .985 20.78 70.00 23.00 
BUS 13 .968 19.31 34.00 16.00 
BUS 14 .981 19.31 14.00 5.00 
BUS 16 .984 19.70 25.00 10.00 
BUS 17 .995 21.45 11.00 3.00 
BUS 20 1.017 19.09 18.00 7.00 
BUS 21 1.002 18.18 44.00 15.00 
BUS 22 .995 19.49 45.00 13.00 
BUS 23 .991 28.11 62.00 28.00 
BUS 28 .960 22.79 17.00 7.00 
BUS 29 .960 21.17 24.00 14.00 
BUS 30 .985 26.45 .00 .00 
BUS 33 .972 17.67 23.00 9.00 
BUS 35 .980 17.29 33.00 19.00 
BUS 37 .993 18.17 .00 .00 
BUS 38 .964 23.09 .00 .00 
BUS 39 .971 15.10 27.00 11.00 
3US 41 .967 13.53 37.00 10.00 
BUS 43 .991 16.18 18.00 7.00 
BUS 44 1.013. 16.51 16.00 8.00 
BUS 45 1.022 18.76 83.00 45.00 
BUS 47 1.026 23.64 64.00 30.00 
MS 48 1.039 23.26 20.00 11.00 
,US 50 1.007 23.34 17.00 4.00 
US 51 .986 22.12 17.00 8.00 
US 52 .975 21.32 18.00 5.00 
US 53 .962 20.69 23.00 11.00 
US 57 .985 22.12 12.00 3.00 
US 58 .979 21.74 12.00 3.00 
US 60 .989 26.56 78.00 43.00 
US 63 .970 26.57 .00 .00 
US 64 .984 27.92 .00 .00 
US 67 1.016 26.07 28.00 7.00 
JS 68 1.001 29.96 .00 .00 
JS 71 .987 28.46 .00 .00 
JS 75 .975 25.22 80.00 25.00 
JS 78 1.004 30.52 71.00 26.00 
JS 79 1.009 30.99 39.00 32.00 
JS 81 .993 31.41 .00 .00 
JS 82 1.003 33.22 54.00 27.00 
IS 83 1.008 34.10 20.00 10.00 
IS 84 1.012 35.72 11.00 7.00 
IS 86 1.022 35.55 21.00 10.00 
S 88 1.026 40.00 48.00 25.00 
S 93 1.015 38.06 12.00 7.00 
S 94 1.008 36.61 30.00 16.00 
S 95 1.000 35.34 42.00 31.00 
S 96 1.006 34.32 38.00 15.00 
S 97 1.021 34.43 15.00 9.00 
S 98 .990 33.31 64.00 48.00 
S 101 1.020 38.29 22.00 15.00 
BUS 102 1.042 39.56 25.00 3.00 
BUS 105 .965 33.95 31.00 34.00 
BUS 106 .957 33.39 69.00 36.00 
BUS 108 .957 33.64 2.00 1.00 
BUS 109 .954 33.54 48.00 10.00 
BUS 110 .968 35.42 39.00 25.10 
BUS 113 .993 21.47 6.00 -6.40 
BUS 114 .957 22.64 20.00 3.00 
BUS 115 .957 22.76 35.00 10.00 
BUS 117 .974 18.49 20.00 8.00 
BUS 118 .966 24.42 33.00 15.00 
A 3 1.016 17.07 2.40 1.20 
A 4 1.008 16.22 7.60 1.60 
A 6 1.003 15.21 .00 .00 
A 7 .998 14.81 22.80 10.90 
A 9 1.034 13.90 .00 .00 
A 10 1.031 12.02 5.80 2.00 
A 12 1.044 12.95 11.20 7.50 
A 14 1.029 12.02 6.20 1.60 
A 15 1.025 11.88 8.20 2.50 
A 16 1.032 12.30 3.50 1.80 
A 17 1.026 11.92 9.00 5.80 
A 18 1.015 11.22 3.20 .90 
A 19 1.012 11.02 9.50 3.40 
A 20 1.016 11.21 2.20 .70 
A 21 1.020 11.56 17.50 11.20 
A 22 1.021 11.57 .00 .00 
A 23 1.017 11.39 3.20 1.60 
A 24 1.013 11.10 8.70 6.70 
A 25 1.021 11.19 .00 .00 
A 26 1.005 10.71 3.50 2.30 
A 27 1.035 11.52 .00 .00 
A 28 .992 14.59 .00 .00 
A 29 1.022 10.92 2.40 .90 
A 30 1.017 10.65 7.40 2.70 
B 3 1.017 18.39 2.40 1.20 
B 4 1.010 18.10 7.60 1.60 
B 6 1.008 17.94 .00 .00 
B 7 1.001 16.52 22.80 10.90 
B 9 1.037 16.57 .00 .00 
3 10 1.034 14.67 5.80 2.00 
3 12 1.045 15.27 11.20 7.50 
3 	14 1.030 14.40 6.20 1.60 
1 15 1.027 14.31 8.20 2.50 
1 16 1.033 14.76 3.50 1.80 
1 17 1.029 14.52 9.00 5.80 
i 	18 1.017 13.73 3.20 .90 
19 1.015 13.57 9.50 3.40 
20 1.019 13.79 2.20 -- 	.70 
21 1.023 14.23 17.50 11.20 
22 1.024 14.25 .00 .00 
23 1.019 13.99 3.20 1.60 
24 1.017 13.91 8.70 6.70 
25 1.026 14.49 .00 .00 
26 1.010 14.02 3.50 2.30 
27 1.040 15.11 .00 .00 
28 .995 18.62 .00 .00 
29 1.028 14.52 2.40 .90 
30 1.023 14.25 7.40 2.70 
3 1.016 36.68 2.40 1.20 
C 4 1.008 35.87 7.60 1.60 
C 6 1.009 34.98 .00 .00 
C 7 1.001 34.85 22.80 10.90 
C 9 1.037 33.63 .00 .00 
C 10 1.035 31.74 5.80 2.00 
C 12 1.045 32.66 11.20 7.50 
C 14 1.030 31.73 6.20 1.60 
C 15 1.027 31.58 8.20 2.50 
C 16 1.034 32.01 3.50 1.80 
C 17 1.030 31.64 9.00 5.80 
C 18 1.018 30.93 3.20 .90 
C 19 1.015 30.74 9.50 3.40 
C 20 1.019 30.93 2.20 .70 
C 21 1.024 31.27 17.50 11.20 
C 22 1.025 31.27 .00 .00 
C 23 1.020 31.07 3.20 1.60 
C 24 1.018 30.75 8.70 6.70 
C 25 1.028 30.68 .00 .00 
C 26 1.013 30.21 3.50 2.30 
C 27 1.043 30.91 .00 .00 
C 28 1.003 33.87 .00 .00 
C 29 1.031 30.32 2.40 .90 
C 30 1.026 30.06 7.40 2.70 
D 3 1.004 23.48 2.40 1.20 
D 4 1.000 23.39 7.60 1.60 
D 6 1.003 23.75 .00 .00 
D 7 .998 24.25 22.80 10.90 
D 9 1.034 22.23 .00 .00 
D 10 1.032 20.25 5.80 2.00 
D 12 1.041 20.68 11.20 7.50 
D 14 1.026 19.83 6.20 1.60 
D 15 1.023 19.74 8.20 2.50 
D 16 1.030 20.24 3.50 1.80 
D 17 1.026 20.08 9.00 5.80 
D 18 1.014 19.20 3.20 .90 
D 19 1.012 19.08 9.50 3.40 
D 20 1.016 19.32 2.20 .70 
D 21 1.020 19.78 17.50 11.20 
D 22 1.021 19.80 .00 .00 
D 23 1.016 19.41 3.20 1.60 
D 24 1.014 19.34 8.70 6.70 
D 25 1.025 19.71 .00 .00 
D 26 1.009 19.23 3.50 2.30 
D 27 1.040 20.21 .00 .00 
D 28 .997 23.56 .00 .00 
) 29 1.028 19.61 2.40 .90 
) 30 1.022 19.34 7.40 2.70 
4 .982 32.13 47.80 20.00 
5 .990 34.22 7.60 1.60 
7 1.023 28.97 .00 .00 
9 1.018 27.34 29.50 16.60 
: 10 1.014 27.19 9.00 - 	5.80 
: 	11 1.023 27.57 3.50 1.80 
12 1.024 27.30 6.10 1.60 
: 13 1.019 27.22 13.50 5.80 
14 1.000 26.21 14.90 5.00 
'over Generated: 5620.15 1978.44 
'over Demanded: 5468.80 -2575.10 
system Losses: 151.35 -596.66 
SUS 82 BUS 47 40.26 -10.22 
SUS OS SUS as 28.02 -6.22 
SUS 68 BUS 70 46.20 26.06 
BUS 52 SUS 72 78.18 22.41 
SUS 22 SUS 77 -2.67 22.16 
SUS 88 sus as 2.16 • 100.42 
• 
Total: 124.15 -Tir7fir 
SUS 1 SUS 2 -12.14 -6.20 
SUS 1 SUS 3 -27.65 -4.16 
• 
Total: -rrmsT, -14.06 
BUS 4 SUS 6 -56.8T -21.56 
SUS 4 SUS 11 72.87 -2.62 
• 
Total: 20.00 -711736 
SUS 6 SUS 8 • 106.82 8.04 
SUS 6 BUS 7 113.82 2.62 
• 
Total: - 22.00 8.86 
BUS 2 s:: 2 -440.52 -23.83 
SUS 6 SUS 20 113.20 26.64 
SUS 6 Sus 6 267 42 132.26 
• 
Total: 40.00 134.66 
SUS 10 SUS 8 450.00 34.26 
• 
Total: 420.00 17717 
SUS 12 SUS 11 -51.42 42.61 
SUS 12 SUS 2 23.42 12.17 
SUS 12 SUS 3 10.56 2.10 
SUS 12 BUS 7 -2.47 2.64 
SUS 12 BUS 14 12.36 6.26 
SUS 12 BUS 12 8.02 4.26 
SUS 12 BUS 117 20.12 11.20 
Total: 36.00 22.26 
SUS 16 SUS 13 -2.67 -1.31 
SUS 12 SUS 14 -6.26 -2.44 
SUS 12 SUS 17 -106.86 -21.10 
SUS 16 SUS IS 11.17 -6.112 
sus 16 SUS 23 13.14 -7.06 
Total: - 20.00 - 41.42 
BUS 12 sus 17 • 61.42 -21.22 
SUS 16 SUS 12 21.112 -4.26 
Total: -20.00 -26.63 
SUS 12 SUS 12 -21.32 3.41 
SUS 12 SUS 20 • 18.02 -26.26 
SUS 111 SUS 12 -11.16 2.70 
BUS 12 BUS 34 3.12 -11.26 
Total: -46.00 -22.00 
SUS 24 BUS 23 62.23 -12.26 
SUS 24 BUS 70 10.24 -6.61 
SUS 24 SUS 72 .14.76 7.26 
Total: 42.00 -10.32 
SUS 26 BUS 23 163.27 22.12 
11.12 26 SUS 27 123.24 37.32 
SUS 26 SUS 25 -67.61 -18.72 
Total: 220.00 70.80 
WS 22 SUS 20 226.112 -11.20 
► US 26 BUS 25 6.7.61 21.60 
Total: 314.00 10.20 
WS 27 SUS 22 -118.68 -16.67 
IUS 27 SUS 26 42.46 ..281 
WS 27 BUS 32 46.22 -6.63 
WS 27 BUS 112 81.21 2.28 
Total: 21.00 -22.112 
VS 21 BUS 17 -2.28 -12.22 
US 21 SUS 22 -1.46 12.61 
US 21 SUS 32 ■ 24.20 10.22 
Total: -36.00 -717717 
US 22 SUS 23 -77.41 .43 
US 22 SUS 21 22.14 -11.77 
U6 32 SUS 27 -48.02 6.22 
US 22 BUS 113 6.81 -17.53 
US 22 BUS 114 2.1111 5.35 
US 32 8 26 31.20 -26.18 
Total: -B9.00 • 37.00 
BUS 34 BUS 15 -2.47 2.55 
BUS 24 BUS 26 30.07 16.42 
BUS 24 Bus 37 -50.40 -23.16 
BUS 34 SUS 03 13.50 -5.116 
BUS 24 BUS 24 .00 -12.84 
• 
317757) 
BUS 26 BuS 36 • 1.03 .34 
BUS 36 BUS 34 .25.17 -18.6$ 
• 
Total: -7,7750 -7117IT 
BUB 40 BUS 37 .36.02 -.06 
BUS 40 BUS 36 -22.75 4.88 
BUS 40 SUS 41 22.54 -1.07 
SUS 40 BUS 42 -4.40 -8.50 
BUS 40 • 8 -22.77 -83 	IS 
• 
Toto1, -56.00 -116.28 
BUS 42 SUS 40 4.43 4.47 
BUS 42 BUS 41 14.26 7.3% 
SUS 42 BUS 48 -14.44 .65 
BUS 42 OUT 42 -54.44 .56 
BUS 42 4 28 -S.s3 -5.15 
Total: -54.00 2.92 
BUS 46 SUS 45 B2.86 27.81 
SUS 45 SUS 117 -2.15 48.11 
BUS 46 BUS 46 .2111 20.62 
BUS 46 BUS IS .00 -11.86 
Total: $1.00 61.86 
BUS 48 BUS 47 3/.65 -10.31 
BUS 46 BUS 42 116.64 .51 
BUS 48 BUS 42 56.64 .81 
BUS 48 BUS 45 52.51 -17.06 
SUS 48 BUS 4 ■ 27.83 -41.55 
BUS 49 BUS 60 36.66 11.05 
BUS 48 BUS St 36.80 14.85 
BUS 48 SUS 64 21.05 10.75 
BUS 48 BUS Se 21.26 8.53 
BUS 45 BUS 66 -102.26 -4.14 
SUS 46 SUS 66 -102.25 -4.74 
BUS 46 BUS 88 -26.23 2.47 
Total: -Trria -28.06 
BUS 54 BUS S3 15.41 1.84 
BUS 11* BUS 49 -20.118 -10.28 
SUS 54 BUS 49 -20.73 -1S.14 
BUS 84 BUS IS 4.71 -2.05 
BuS 54 BUS SO -27.7i -34.94 
BUS Si BUS S8 -15.13 -6.33 
-04.118 -71.86 
SUS SI BUS 54 -4.77 .20 
BUS 55 BUS SO -311.50 -14.38 
SUS 56 BUS 66 -111.73 -4.81 
Total: -83.00 -19.09 
BUS 56 BUS S4 27.57 34.67 
SUS SS BUS 56 30.00 14.21 
SUS SO BUS $7 -6.112 -11.64 
SUS IS BUS 55 1.10 -5.83 
SUS 116 BUS SO -13.46 -2.22 
SUS 66 BUS SS .14.10 -1.55 
PUS 1111 II 	1 -117.88 -75.26 
Total! -54.00 -48.00 
PUS SS BUS S4 15.26 .28 
PUS SS BUS 60 13.81 -2.75 
IUS BO SUS SS 14.27 -2.88 
IUS SO BUS SS 15.111 .33 
IUS ■ 111 SUS 50 -28.56 2.58 
IUS 5$ SUS SI -36.67 1.10 
IUS SS 11 28 1.32 -5.51 
IUS ■ 11 BUS 52 .1111.03 -01.01 
total: T1TI70E -rWrri 
MS 61 SUS 119 31.18 -2.67 
MS SI BUS 60 110.63 22.82 
MS 81 BUS 62 44.08 -17.811 
MS Si SUS 84 -34.18 -16.17 
Tot•l: 1110.00 -13.57 
US 82 BUS 60 -2.57 18,70 
US 52 BUS SI -43.89 17.83 
US 52 BUS 811 -31.21 -15.06 
US 52 BUS 67 .77 -17.47 
Total: -77.00 --71713 
US 55 BUS 29 130.42 -14.64 
US SS SUS 64 183.24 20.04 





SS 46.02 72.47 
-1177347 TWT775 
SUS 68 SUS 45 104.08 11.22 
SUS 88 sus 48 104.08 11.22 
SUS 84 SUS 82 21.21 15.60 
SUS 55 SUB 87 70.1111 15.55 
SUS 55 0 4 57.41 23.15 
SUS 85 SUS 84 -46.02 -70.23 
• 
Total: -3177;47 
SUS 70 SUS 55 -47.35 -25.70 
SUS 70 SUS 24 -10.72 -3.44 
SUB 70 SUS 71 .64.111 4.44 
SUS 70 SUS 74 34.23 -4.21 
SUS 70 SUS 75 22.02 -1.7i 
• 
Total: -68.00 734177$1" 
SUS 72 J5 24 14.52 -11.76 
SUP 72 SUB 71 25.041 -12.11 
• 
Total: 43.00 •22.47 
SUS 72 SUS 71 37.00 1.10 
• 
Total: 37.00 1.10 
SUS 74 SUS 70 •33.74 2.64 
SUS 74 SUS 76 -34.25 6.41 
SUS 74 SUS 74 .00 -11.41 
• 
Total: -44.00 .410 
SUS 75 SUS 77 -71.24 -.Oa 
SUS 75 SUS 114 3.25 4.611 
Total: -44.00 4.63 
SUS 77 SUS 75 73.75 4.441 
SUS 77 SUS 48 4.14 -21.57 
SUS 77 SUS 76 44.24 .74 
SUS 77 SUS 74 23.50 10.50 
SUS 77 sus 80 -120.80 -26.44 
SUS 77 SUS SO -66.117 -16.42 
SUS 77 SUB 42 -44.27 14.34 
Total: -81.00 -40.00 
SUS so SUS 77 123.14 31 	62 
SUS so SUS 77 55.55 17.72 
SUS SO SUS 74 77.22 24.05 
SUS so SUS 55 -2.18 17.22 
SUS 40 SUS 57 •8.73 21.47 
SUS 410 SUS 1141 14.41 42.41 
SUS •0 SUS 84 •24.84 16.81 
SUS so SUS 411 120.02 -62.42 
Total: 247.00 111.03 
SUS 415 SUS 43 22.67 -2.11 
SUS 88 SUS 54 21.33 .41 
SUS 44 SUS 68 17.12 -7.41 
SUS 114 SUS SS •65.46 5.44 
SUS SS SUS 48 •76.26 -21.17 
SUS S6 C 28.42 12.76 
Total: •24.00 -11.85 
SUS 47 SUB 48 4.00 -22.22 
Total: 4.00 -22.23 
BUS SO SUS 86 77.61 -1.64 
SUS 45 SUS 44 106.62 26.22 
SUS 84 SUS so 611.02 21.02 
SUS 4111 Pus so 127.74 44.112 
BUS 55 SUS 82 140.20 23.04 
BUS SO SUS 52 64.111 2.97 
BUS 48 C 2 43.15 -6.08 
76101: 507.00 114.18 
SUS 50 SUS 88 -51.10 -17.74 
BUS 40 SUS -123.73 -34.44 
BUS 80 SUS SI .26.65 11.41 
PUS 110 2 6 54.88 -28.13 
Total: .182.06 .18A' 
PUS 81 SUS 40 28.541 -12.11 
PUS 41 SUS 52 -14.88 •22.66 
Total: 20.00 •44.66 
DUI 112 SUS SS -135.40 •15.24 
SUS 42 BUS 48 -43.48 .4.62 
1184 42 SUS 81 14.61 20.411 
BUS 52 SUS 52 411.11 8.44 
BUS 42 SUS 44 62.64 2.47 
14111 52 SUS 100 12.17 -1.26 
Sus 02 SUS 102 15.42 .21.46 
• 
BUS •2 	C 	1 -22.47 •115.32 
Total: -61.00 -T237576 
SUS 69 	BUS so 26.86 -21.44 
SUS 116 list 100 -.521 -2.20 
vert.1! --31717 -26.94 
BUS 100 	•UIS 02 -13.02 •6.22 
SUS 100 SUS 94 46.72 1.27 
SUS too 	BUS 08 •6.02 2.61 
SUS 100 BUS 08 .62 1.61 
SUS 100 	SUS 101 -2.22 -4.01 
SUB 100 SUS 103 22.24 12.21 
SUS 100 	SUS 104 26.17 13.34 
SUS 100 BUS 106 40.03 14.20 
Total: 215.00 --37713 
SUS 102 	SUB 100 •56.10 -11.42 
•U"' 03 BUS 104 211.6• 6.82 
SU:. 102 	SUS 102 21.72 6.66 
• U1 1153 SUS 110 14.60 12.32 
Total: 17.00 12.40 
SUS 104 	BUS 100 -34.62 -12.63 
SUS 104 SUB 103 •26.46 -11.46 
SUB 104 	BUS 106 23.01 1.11 
Total: -.:TIrr.10 -16.43 
SUS 107 	SUS 102 6.63 4.12 
SUS 107 list 106 11.37 2.66 
list 107 	SUS 107 .00 -2.76 
Total: 17.00 1.37 
BUS III 	SUS 110 26.00 4.66 
Total: 26.00 4.66 
BUS 112 	SUS 110 20.00 -1.64 
Total: 30.00 -1.24 
SUS 110 	list 68 -164.00 104.66 
total: -164.00 104.66 
1 • 2 71,411 - 14.sa 
II 	1 • 3 42.76 6.62 
11 	1 list 46 -17.22 10.16 
Total: 100.00 4.11 
2 • 1 -70.24 14.63 
1 	2 • 4 24.43 1.22 
1 	2 • S 24.05 10.12 
1 	2 • 6 44.31 6.25 
1 	2 list 46 10.06 23.11 
Total: 26.30 WM: 
1.6 • 2 -0.11 
I 	2 • 7 13.32 2.29 
1 OU6 44 -26.03 1.21 
Total: -46.20 -1.41 
1 	• • 0 •22.62 -1.61 , 	• • 26 -.36 2.15 
, 	6 list 40 22.22 24.36 
Total: •10.00 Firn 
11 • 20.00 6.46 
Total: 20.00 8.46 
12 • 12 20.00 4.71 
Total: 20.00 -TIT 
2 21.22 .60 
12 	3 21.23 12.60 
SUS 20 67.2• 66.26 
Total: 100.00 Firm 
2 12 	1 -21.43 -3.28 
2 • • 20.16 If.416 
2 2 S 37.56 1.47 
2 • 6 21.72 11.8• 
Total: 62.30 26.2• 
• 8 III 	2 -37.18 -6.67 
• 6 5 7 -7.01 6.70 
• 
Total: T447r; 77rf 
• 8 • 6 11.28 1.37 
• 8 • 211 -1.06 6.24 
• 8 SUS 22 -20.72 24.711 
• 
Total: -10.00 rrri 
• 11 • 2 20.00 7.011 
• 
Total: T0763 
• 13 • 12 20.00 4.20 
• 
Total: 20.00 4.20 
C 1 C 2 23.14 -2.06 
C 1 C 2 44.23 2.78 
C 1 SUS 82 22.63 12.•7 
• 
Total: 100.00 --ma 
C 2 C 	1 -32.116 .77 
C 2 C 4 44.28 6.86 
C 2 C 8 26.16 2.76 
C 2 C 1 22.24 2.18 
C 2 BUS SO 	' -42.42 6.82 
• 
Total: --17.70 25.02 
C 11 C 2 -38.86 -2.27 
C 6 C 7 17.71 -1.74 
C 6 SUS 82 -28.37 -12.21 
• 
Total: -44.20 -24.02 
C 8 C 	11 -24.44 10.21 
C 6 C 22 4.76 .82 
C 6 DIM 83 2.118 2.00 
I 
Total: -10.00 13.10 
C 11 C 6 20.00 2.78 
Total: 20.00 6.78 
C 12 C 	12 20.00 3.22  
• 20.00 12 Total: 
0 1 0 2 -26.66 10.417 
2 1 0 2 2.32 6.311 
0 1 SUS 68 120.311 62.14 
Total: 100.00 100,00 
2 2 0 	1 26.417 -13.18 
0 2 0 4 21.22 2.14 
0 2 0 2 -10.48 8.70 
0 2 0 6 $7.40 1.21 
Total: emu -3.10 
ID 6 • 2 10.1111 -8.23 
0 6 0 7 30.60 -2.82 
0 6 •1111 SS -16.68 -26.71 
Tatal: •44.20 -40.21 
D 8 0 2 24.20 6.32 
D 8 0 24 7.411 3.16 
D 8 • 112 27 .41.7• 4.12 
Total: -10.00 12.1111 
1 11 20.00 6.211 
Total: 20.00 • .28 
1 12 0 	12 20.00 7.02 
Total: 20.00  
! 1 • 2 143.34 14.28 
! 1 It 	6 63.31 12.97 
: i SUS 102 23.31 27.23 
Total: 1317n --Tin; 
2 1 	1 •138.16 -6.42 
2 6 3 •6.72 18.01 
2 • 4 20.22 12.86 
2 2 s 20.82 14.07 
2 SUS 417 20.80 .12 
I 3 B 2 •63.71 -11.611 
! S I 4 -30.46 4.47 
Total: -74777; -7.14 
I I 	11 5.26 4.75 
6 I 	12 7.86 2.65 
6 12 16.30 7.57 
6 2 8 •411.$0 -6.62 
Total: •11.20 5711. 
6 6 B 7 .00 16.52 
Total: .00 16.113 
81/6 2 	PUS 1 13.22 7.50 
BUS 2 PUS 12 -32.22 -16.80 









PUS 3 	PUS 12 •10.74 -12.55 
Total: .60.00 -20.00 
PUS BUS 4 61.64 21.56 
sus SUS 3 711.86 11.12 
BUS SUS 8 108.66 -1.26 
PUS PUS 11 84.61 ..06 
BUS BUS 6 .257.42 •62.51 
SUS SUS 5 .00 40.06 
Total: -40.00 .111.00 
BUS 7 BUS 6 -52.46 -2.64 
PUS 7 	BUS 12 2.4$ -10.46 
Total: -11.00 •14.00 
PUS 6 PUS 446.22 20.47 
PUS 	11 SUS 10 -446.22 .30.47 
Total: .00 .00 
!US 	11 BUS 4 -71.13 6.18 
WS 11 PUS -83.16 2.22 
IUS 	11 SUS 12 61.7• -42.20 
WS 	11 BUS 12 37.03 10.60 
Total: -70.00 -23.00 
VS 12 SUS 11 -36.66 -11.46 
US 12 	BUS III 2.68 .4.66 
Total: -34.00 -16.00 
US 	16 PUS 12 -18.26 .6.76 
US 	14 81111 16 1.26 1.76 
Total: -14.00 -6.00 
US 	16 BUS 12 .11.07 -6.21 
US 	16 BUS 17 -16.63 -2.74 
Total: -21.00 -10.00 
US 	17 PUS 16 108.64 25.26 
US 	17 SUS 16 17.07 -.26 
US 	17 PUS 16 •2.23 23.76 
US 	17 BUS 21 8.40 12.55 
US 	17 BUS 113 .68 6.22 
4111 	17 PUS 30 -229.12 -71.01 
.111 	17 15911 17 .00 .00 
Total: -11.00 -3.00 
15 20 PUS 15 16.26 24.02 
IS 20 BUS 21 22.10 12.06 
15 50 	• 1 .50.60 -82.66 
Total: •18.00 ..--7V71710- 
5 21 	BUS 20 -21.66 •14.611 
M 21 BUS 22 -20.61 10.77 
M 21 8 4 •1.21 -11.15 
Total: •44.00 •18.00 
M 22 	PUS 21 20.53 -12.55 
M 22 BUS 22 .86.57 211,01 
1222 	 & 21.04 .25.36 
Total: -46.00 •13.00 
MVO Xi SUS 12 • 2.45 -18.66 
IluS 22 SUS 24 -62.22 12.41 
SUS 22 SUS 22 -172.72 -27.62 
SUS 23 BUS 32 72.45 2.77 
• 
Total: -82.00 7177n 
SUS 26 SUS 27 .43.08 .80 
SUS 26 SUS 25 26.06 -7.10 
• 
Total: -17.00 .7.00 
SUS IS SUS 28 -25.88 0.14 
SUS 28 SUS 31 1.88 .20.14 
• 
Total: .24.00 -14.00 
SUS 30 SUS 8 -112.55 -70.32 
SUS 30 BUS 2$ .222.41 -36.77 
SUS 30 BUS 38 106.62 12.23 
SUS 30 SUS 17 229.12 83.67 
. 
Total: .00 .00 
BUS 33 SUS IS -13.26 4.33 
BUS 33 SUS 2, -8.26 -13.22 
• 
Total: -22.00 -8.00 
SUS 35 SUS 36 1.03 -.28 
BUS 38 SUS 37 -34.03 -11.41 
• 
Total: -23.00 • 16.00 
SUS 37 SUS 32 34.20 17.11 
SUS 37 SUS 33 8.42 10.12 
SUS 37 BUS 24 86.66 33.82 
BUS 27 SUS 38 80.70 5.22 
BUS 27 BUS 40 38.28 -1.28 
SUS 27 SUS 36 -234.03 -80.66 
BUS 27 SUS 37 .00 24.28 
• 
Total: .00 .00 
SUS 32 SUS 30 -106.22 -46.78 
SUS SA SUB 25 -122.76 -86.78 
*us 31 BUS 37 234.03 114.14 
• 
Total: .00 .00 
BUS 36 BUS 37 -41.62 • 2.01 
SUS 32 BUS 40 22.52 .2.811 
• 
Total: -27.00 -11.00 
SUS 41 SUS 40 -22.86 .19 
BUS 41 BUS 42 • 14.14 -10.12 
Total: -37.00 .10.00 
SUS 43 SUS 44 -4.30 -10.62 
SUS 43 SUS 24 -12.70 3.52 
Total: -15.00 -7.00 
BUS 44 SUS 42 4.36 4.23 
SUS 44 BUS 46 -44.46 .89 
SUS 44 • 6 24.14 -3.22 
SUS 44 SUS 44 .00 -10.27 
Total: -12.00 -1.00 
SUB 48 SUS 44 44.92 .1.47 
SUS 45 SUS 46 .81.23 -21.67 
SUS 46 BUS 46 -60.26 17.78 
SUS 46 • 2 -16.84 -26.27 
BUS 45 SUS 46 .00 • 10.46 
Total: .83.00 .42.00 
SUS 47 BUS 46 2.811 -41.21 
SUS 47 BUS 46 -27.83 8.14 
SUS 47 SUS 811 .32.06 7.07 
Total: -84.00 -737777 
SUS 48 BUS 46 -.01 -28.04 
SUS 48 SUS 42 -37.311 42.04 
lUS 48 • 1 17.40 -11.21 
SUS IS BUS 48 .00 .16.19 
Total: -20.00 -11.00 
1U ■ 60 BUS 49 -39.16 .11.26 
1US 60 SUS 67 18.18 7.26 
Total: -17.00 --T17ZZ 
418 81 BUS 46 -38.04 .111.01 
MS 61 SUS 62 25.62 7.87 
4 61 0 4 
Total: 
-15.73 -11.1a 
- F  -6.00 
4 52 SUS Si -26.70 -11.67 
4 52 SUS 53 7.70 3.67 
Total: -18.00 -1.00 
4 53 BUS 62 -7.56 -7.52 
4 13 SUS 51 -16.24 -3.48 
Total: '71174747 -11.00 
IS 57 5111 55 5.115 7.61 
IS 57 DUS 50 -16.87 -10.61 
Total: -12.00 -2.00 
4 116 5115 56 -1.06 3.66 
4 66 5111 SI -10.92 -11.65 
Total: -12.00 -3.00 
IS 60 SUS SS 211.56 -4.91 
II SO SUS 61 -110.61 -21.10 
M SO SUS 62 2.80 -17.00 
Total: -76.00 -43.00. 
IS 63 SUS 54 -118.03 -56.55 
4 53 SUS 68 118.03 56.55 
Total: .00 .00 
M 51 SUS 53 110.35 52.05 
M 94 SUS SS -152.13 -65.81 
IS 94 SUS 51 34.15 18.66 
Total: .00 .00 
18 67 SUS 52 -.71 14.92 
IS 87 SUS 55 -08.46 -17.55 
IS 67 0 $ 412.16 -4.07 
Total: -21.00 -7.00 
IS S6 SUS 6111 -62.25 -30.55 
IS 55 SUS II -111.73 36.10 
IS 95 SUS 115 154.15 -105.35 
18 55 SUS SS -2.18 103.55 
Total: .00 .00 
J5 71 SUS 70 54.54 -7.56 
J8 71 SUS 72 -27.87 11.441 
J5 71 SUS 73 -38.88 -1.52 
Total: .00 .00 
J8 75 SUS 70 -21.81 -.97 
JS 75 BUS 55 -76.86 -21.85 
J11 75 SUS 74 34,42 -0.86 
JS 71 OUS 7/ -45.65 -1.03 
J5 75 SUS 1141 25,60 8.52 
Total: -410.00 -21.00 
JS 78 SUS 77 -32.75 -10.94 
J8 78 SUS 78 -27.24 -16.17 
Total: -717rnm =7:i 
IS 76 5111 7S 27.23 14.110 
OS 76 DUB 80 -76.33 -25.62 
OS 76 DIM 75 .00 -20.37 
Total: 73T7Tal -22.00 
US 61 sus 65 120.03 -80.52 
US 61 DUB 60 -120.03 1111.53 
Total: .00 .00 
US 02 SUS 77 46.07 -10.30 
US 62 SUS 63 -41.77 .62 
US 82 DUS 08 -34.45 11-08 
US 42 C 25 -22.62 5.74 
US 82 SUS 82 .00 -20.14 
Total: -717177a -27.00 
US 62 SUS 82 41.67 -J.15 
US 63 SUS 54 .11.88 2.71 
US 83 SUS 06 .32.42 .07 
US 83 C S .5.57 -2.48 
US 82 SUS 63 .00 -10.10 
Total: -7117147 -10.0o 
BUS 84 	BUS 43 20.06 -1.412 
BUS $4 BUS 46 -21.06 -1.14 
• 
Total: -11.00 .00 
BUS 46 	BUS 86 -17.01 4.82 
BUS $1 BUIS Si -2.86 • 14.82 
• 
Total: -717717, -10.00 
BUS 411 	BUS 48 66.18 -6.27 
BUS 118 BUS 66 -104.18 • 14.72 
• 
Total: -44.00 -7FF703 
BUS 82 	BUS 62 -47.42 -6.40 
BUS 42 SUS 64 28.63 -.90 
• 
Total: -12.00 --7.17711; 
SUS 44 	SUS 92 • 41.72 -3.04 
SUS 84 SUS 42 .35.24 -.42 
SUS 94 	BUS 111 81.44 2.03 
SUS 84 gut 64 42.34 -11.82 
SUS 64 	SUS 100 -48.24 -1.81 
• 
Total: -20.00 • 14.00 
BUS 66 	SUS 64 -111.113 -1.99 
BUS 86 SUS 44 24.46 .20.02 
BUS 66 	C 4 -17.22 -8.80 
Total: -42.00 -31.00 
BUS 86 	lilt 40 2.22 -21.71 
SUS 46 BUS 82 24.67 -6.11 
BUS 84 	SUS 84 -42.41 11.20 
BUS 66 BUS 66 -26.74 18.18 
SUS 04 	BUS 47 -1.42 -17.112 
Total: -28.00 7T477; 
BUS 67 	SUS 60 4.84 .22.44 
BUS 47 BUS 118 4.47 16.31 
BUS Si 	II 	2 -20.31 -.87 
Total: -14.00 -6.00 
SUS 88 	BUS 40 -16.91 -42.113 
BUS 86 BUS 100 -48.04 -4.47 
Total: • 84.00 -46.00 
BUS 101 	BUS 100 2.23 .61 
BUS 101 BUS 102 -24.22 -18.111 
Total: • 22.00 -16.00 
SUS 102 	BUS 62 -18.26 20.86 
BUS 102 BUS 101 24.41 12.22 
SUS 102 	1 	1 -22.08 -24.48 
Total: -26.00 .3.00 
BUS 104 	BUS 103 -21.11 -11.76 
BUS 101 BUS 104 -22.44 -6.43 
BUS 106 	BUS ion 16.66 4.21 
BUS 106 BUS 107 -6.611 -11.44 
SUS 106 	BUS 108 8.76 6.16 
SUS 101 BUS 106 .00 -14.83 
Total: -21.00 -24.00 
PUS 108 	SUS 100 -24.92 -18.03 
sill 106 BUS 106 • 16.42 -0.28 
PUS 108 	SUS 107 • 11.2S -10.69 
Total: .. • 68.00 -TrinTa 
PUS 108 	BUS 108 -6.71 -7.74 
PUS 14141 BUS 104 7.71 8.74 
Total: --717143 • 1.00 
PUS 106 	BUS 104 -7.70 -7.40 
PUS 108 BUS 110 .40.30 • 2.60 
Total: -44.00 • 10.00 
PUS 110 	BUS 102 -14.24 -18.11 
Jill 110 SUS 106 40.40 2.10 
PUS 110 	Sill III -26.70 -4.81 
Jill 110 BUS 112 .28.77 .04 
JUl 110 	BUS 110 .00 .4.112 
Total: -7fT7176 
TSSII: T 0.40 
SUS 114 SUS 32 .3.87 -5.75 
SUS 114 SUS 118 -18.12 8.76 
■ 
Total: -20.00 -3.00 
SUS 116 SUS 27 -61.14 -3.00 
SUS 116 SUS 114 18.14 •7.00 
■ 
Total: 711774 -10.00 
11412 , 117 SUS 12 -20.00 -8.00  
Total: -20.00 •5.00 
SUS 118 SUS 75 -28.511 -8.15 
SUS 
r 
116 SUS 75 -2.25 -5.84 
Total: 7076 -16.00 
• 2 A 	1 -41 	04 -7 	12 
• 2 • 4 42.45 6.83 
Total: -2.10 -1.20 
A 4 A 2 •33.74 .12.4$ 
A 4 A 3 -42.23 -5.17 
A 4 A 8 43.23 .81 
A 4 • 12 25.14 18.81 
Total . -7.50 -1.60 
A A 2 -43.20 •11.23 
A A 4 -42.01 •.50 
A • 7 5.15 1.86 
A • 6 22.116 1.52 
A • 26 21.28 11.78 • • e 11.55 -4.11 
A • 10 10.67 .66 
Total: .00 .00 
A 7 • 5 -13.23 •6.63 
A 7 • 5 -0.97 -4.27 
Total: -22.110 -10.60 
A 6 A 	11 -20.00 -7.58 
A 8 • 10 31.66 3.18 
A 6 • 6 -11.611 4.44 
765411: .00 .00 
A 10 • 8 -31.18 -2.11 
• 10 A 20 8.70 3.67 
A 10 • 17 4.88 4.81 
A 10 • 21 16.47 6.63 
A 10 • 22 7.40 2.70 
A 10 • 5 -10.67 -.36 
• 10 • 10 .00 -20.21 
Total: -2.80 -2.00 
8 	12 • 13 -20.00 -4.18 
X 	12 • 14 5.01 2.114 
I 	12 • 16 18.23 8.78 
I 	12 • 18 7.66 2.27 
h 12 • 4 -28.14 -14.83 
Total: •11.20 -7.50 
I 	14 A 	12 -7.03 -2.26 
14 A 	15 1.73 .78 
Tot41: .6.20 -1.60 
I 	III • 12 -18.11 -5.20 
I 111 • 14 -1.73 -.77 
k 111 • 18 8.35 1.14 
I. 	15 • 23 8.26 1.87 
Total: -8.20 =7780 
15 • 12 -7.52 -2.05 
1 18 • 17 4.03 1.06 
Total: 7171.7 -1.50 
I 17 A 	16 -4.02 •1.02 
1 17 • 10 -4.98 -4.76 
Total: -9.00 rrlig 
1 la • 15 -1.56 
I 18 • Is 2.10 .75 
"21.00 
• 18 • 16 0 3.10 -.74 
• 18 • 20 .8.40 -2.66 
• 
10101: --1177iT --73717 
• 20 • 16 6.42 2.66 
• 20 • 10 -8.62 -3.26 
• 
Total: 71713 -.70 
• 21 • 10 -16.37 -8.41 
• 21 • 22 -2.13 -2.76 
• 
Total: -17.60 -11.20 
• 22 • 10 -7.38 •2.60 
• 22 • 21 2.14 2.10 
• 22 • 24 5.22 .11 
• 
Total: .00 .00 
• 22 A 	it -6.28 -1.11 
• 23 • 24 2.05 .21 
Total: -2.20 -1.60 
• 24 • 22 -6.16 -.76 
• 24 • 23 -2.08 -.20 
• 24 • 26 -1.45 -1.63 
• 24 • 24 .00 -4.11 
r 
Total: -8.70 -6.70 
• 28 • 24 1.45 1.86 
• 26 • 26 2.64 2.37 
• 28 • 27 -6.00 -4.01 
Total: .00 .00 
• 26 • 25 -3.60 -2.30 
Total: -3.60 -2.30 
• 27 • 28 8.04 4.10 
• 27 • 28 4.34 1.118 
• 27 • 30 6.66 2.16 
• 27 • 28 -14.21 -7.88 
Total: .00 .00 
• 26 • 8 -21.15 -12.0A 
A 26 A a .40 -4.26 
A 26 SUS 42 6.88 7.36 
A 26 • 27 14.66 6.85 
Totol: .00 .00 
■ 20 • 27 -4.21 -1.66 
a 25 • 20 1.21 as 
Total: -2.40 -.60 
1 30 A 27 -5.110 -2.03 
1 XO • 26 -1.60 -.67 
Total: -7.40 -2.70 
P 1 -20.58 -12.81 
12 0 4 16.68 12.41 
TOtal: -2.40 -1.20 
1 	A 0 2 -19.64 -16.52 
6 -18.60 11 -13.6 
• 3 , • 7.66 2.76 
• ws 21 1.23 6.66 
• 5 	12 21.41 17.05 
20201: -7.60 -1.110 
2 -21.21 -10.15 
4 -7.51 -2.11 
7 20.11 -2.20 
a -11.12 -1.77 
241 -12.63 26.07 
6 12.20 -2.110 
10 11.04 1.41 
Total: .00 .00 
5 6 1.07 
-21.67 
-71T7IS -oo.so 
6 6 	11 -20.00 -1.22 
• IR ■ 	10 ' 32.30 3.00 
• • ■ 	6 -12.30 3.21 
• 
Total: .00 .00 
10 • -22.30 -1.62 
10 20 2.32 3.24 
10 17 6.26 4.72 
10 21 14.•0 • .•1 
10 22 7.04 3.66 
10 • -11.04 -.11 
10 10 .00 -20.22 
• 
TOtal: -6.60 -2.00 
• 12 • 13 -20.00 -2.67 • 12 • 14 7.67 2.62 • 12 • 1• 111.•0 11.62 • 12 • 16 11.22 2.02 • 12 • 4 -21.82 -12.36 
• 
Total: -11.20 --T7713 
• 14 • 12 -7.411 -2.43 
• 14 • 1• 1.26 .23 
4 
Total: -6.20 -1.60 
• 15 • 12 -111.60 -6.67 
• 15 • 14 -1.22 -.62 
• IS • 16 6.72 1.77 
• 16 • 23 2.67 2.13 
• 
Total: -6.20 -2.60 
• 1• 2 	12 -11.24 -2.112 
• 12 • 17 2.74 1.13 
• 
Total: -3.60 -1.60 
• 17 • 12 -2.73 -1.11 
• 17 • 10 -6.27 -4.66 
• 
Total: -2.00 -6.20 
• III • 16 -6.29 -1.70 
• 1• • 16 2.46 .•o 
• 
Total: -3.20 -.60 
• 12 • IS -2.46 -.711 
• 12 • 20 -7.01 -2.61 
• 
Total: -2.60 -2.40 
• 20 • 111 7.03 2.66 
• 20 • 10 -6.23 -3.22 
• 
Total: -2.20 -.70 
• 21 • 10 -14.111 -6.70 
• 21 • 22 -2.511 -2.20 
P 
Total: -17.60 -11.20 
• 22 • 10 -6.66 -3.20 
• 22 • 21 2.70 2.51 
• 22 • 24 4.20 1.26 
Total: .00 .00 
• 23 • 16 -3.25 -2.06 
• 23 • 24 .76 .4• 
Total: -3.20 -1.110 
• 24 • 22 -4.27 -1.26 
• 24 • 22 -.75 -.46 
• 24 • 26 - -3.66 -.62 
• 24 • 24 .00 -4.13 
Total: "11.70 -6.70 
6 25 • 24 3.71 .67 
II 26 • 22 3.24 2.27 
11 26 • 27 -7.24 -3.24 
Total: .00 .00 
1 26 • 26 -2.60 -2.20 
Total: -2.20 -2.20 
1 27 • 26 7.31 3.36 
i 27 2 	211 4.34 1.66 
1 27 • 20 6.66 2.16 
; 27 • 26 -17.21 -7.12 
Total: .00 .00 
■ 28 	 ■ 8 12.7• -26.84 
• 28 • • 1.10 -8.118 
■ 2• SUS 32 -31.07 21.17 
■ 28 • 27 17.21 1.42 
• 
fetal: .00 .00 
• 28 • 27 -4.31 -1.58 
• 26 • 30 1.61 .56 
• 
Total: -2.40 -.SO 
• 20 	 8 27 -1.50 -2.02 
• 30 • 28 -1.80 -.17 
• 
Total: -7.40 -2.70 
C 3 C 	I -42.39 -7.61 
C C 4 40.•1 1.31 
Total: -2.60 -1.20 
C 4 C 2 -43.77 -6.37 
C 4 	 C 3 -40.77 -7.00 
C 4 C • 34.86 -10.07 
C 4 ■ us 96 17.31 11.25 
C 4 C 	12 24.70 11.11 
Total: -7.60 -1.80 
C C 2 -51.15 -4.75 
C C 4 -24.88 10.71 
C C 7 vss 5.81 
C C • 24.62 -10.38 
C C 26 32.67 -.01 
C C 12.14 -2.84 
C C 	10 10.65 1.43 
Total: .00 .00 
C 5 -17.87 -2.45 
C • -6.23 -8.48 
Total: -22.10 -10.80 
C C 	11 -20.00 -8.84 
C C 	10 32.14 2.80 
C C -12.14 3.14 
Total: .00 .00 
: 	 10 C 8 -32.14 -1.73 
: 10 	 C 20 8.88 3.76 
: 	10 C 	17 6.23 6.27 
: 	10 C 	21 18.87 4.34 
: 	10 C 22 7.53 2.51 
: 	10  Cl -10.86 -.10 
: 	10 C 	10 .00 -20.38 
Total: -5.80 -2.00 
' 	12 C 	13 -20.00 -3.30 
. 	12 C 	14 7.87 2.37 
. 	12 C 	16 16.16 6.21 
12 C 	18 7.35 2.50 
12 C 4 -21.70 -14.26 
Total: -11.20 -7.60 
14 C 	12 -7.11 -2.21 
14 C 	16 1.11 .61 
Total: -8.20 -1.80 
15 t 	12 -17.87 -4.78 
15 C 	14 -1.611 -.SO 
IS C 	la 8.18 1.63 
is 	 C 22 6.27 1.36 
Total: -8.20 -2.60 
18 	 C 	12 -7.28 -2.21 
1• C 	17 3.78 
TOtal: -3.60 -1.80 
17 	 C 	18 -3.711 -.511 
17 C 	10 -5.22 -5.24 
Total: -9.00 -1.60 
IS 	 C 	16 -6.16 -1.44 
C 	18 2.86 .84 
Total: -3.20 -.80 
19 	 C -2.84 -.53 
C 20 -5.56 -2.117 
Total: -11.50 -3.40 
C 20 C 	1• 0.58 2.80 
C 20 C 	10 -4.76 -2.80 
Total: -2.20 ---77,17- 
C 	21 C 	10 -16.67 -1.12 
C 	21 C 22 -1.92 -3.08 
Total: -17.60 -11.20 
C 22 C 	10 -7.49 -3.41 
C 22 C 	21 1.83 3.011 
C 22 C 24 5.66 .22 
Total: .0o .00 
C 23 C 	16 -6.24 -1.30 
C 23 C 24 2,04 -.30 
Total: -3.20 -1.60 
C 24 C 22 -6.52 -.27 
24 C 22 -2.04 .31 
C 	24 C 22 .2.8e 
C 24 C 24 .00 -4.14 
Total: - 11.70 -6.70 
: 25 C 24 1.16 2.63 
: 	26 C 25 3.64 2.37 
: 28 C 27 -4.011 -4.1111 
Total: .00 .00 
: 	22 C 25 -3.50 -2.30 
Total: -2.10 .2.30 
27 C 25 4.74 6.08 
: 	27 C 22 4.24 1.86 
: 	27 C 20 5.58 2.15 
: 	27 C 24 -14.85 -1.4a1 
Total: .00 .00 
: 24 C 8 -32.79 .00 
: 	24 C a .4.76 -3.01 
: 	28 SUS 82 22.42 -2.23 
: 	28 C 27 14.85 5.114 
Total: .00 .00 
: 	29 C 27 -4.31 -1.56 
: 	25 C 30 1.111 .56 
Total: -2.40 -.110 
: 20 C 27 -6.80 -2.03 
: 20 C 20 .1.110 -.87 
Total: -7.40 -2.70 
3 I -5.26 .6.23 
D • 5.116 7.02 
Total: -2.40 -1.20 
4 2 -21.211 .7.14 
4 -4.14 -0.25 
4 -18.02 -3.68 
US 61 15.55 2.57 
4 12 20.21 13.12 
Total: .50 -1.8o 
2 -17.22 -8.80 
4 10.05 2.24 
7 -7.53 7.95 
-24.22 -5.83 
25 7.77 7.00 
13.52 -41.01 
10 11.72 1.04 
Total: .00 .00 
7 0 8 -30.47 -.35 
I 	7 06 7.67 -10.51 
Total: -22.110 -10.20 
I 	9 D 	11 -20.00 .7.45 
I 	5 D 	10 33.62 3.05 
I 	5 D 	9 -13.52 4.40 
Total: .00 .00 





















10 10 .00 -20.23 • 
Total: --7r700 •2.00 
12 D 	13 -20.00 -6.42 
12 D 	14 7.45 2.24 
12 D 	16 16.40 6.83 
12 D 	12 6.60 3.03 
12 D 4 -20.112 -12.46 • 
Total: -11.20 20 
0 14 0 	12 -7.32 -2.38 
D 14 0 15 1.12 .72 
• 
Total: -6.20 -1.60 
12 D 	12 -1..21 -5.47 
D IS 14 -1.16 -.78 
0 IS D 	IS 6.32 1.22 
D li 0 23 3.86 1.24 
• 
Total: -2.20 -2.10 
D 18 0 	12 -2.58 -2.96 
D 16 0 	17 2.08 1.15 
• 
Total: -3.80 -1.80 
D 17 18 -2.06 -1.16 
0 17 D 	10 -8.04 -4.01 
• 
Tot al: -2.00 -6.80 
D 1• 16 -1.22 -1.76 
0 12 D 	IS 2.02 .66 
• 
Total: -3.20 -.20 
0 12 D 	16 -2.011 -.SS 
0 111 0 20 -7.42 -2.15 
• 
Total: •6.50 -3.40 
20 0 	12 7.44 2.22 
0 20 0 	10 -2.64 -2.22 
Total: -2.20 -.70 
D 21 0 	10 -12.22 -2.36 
0 24 0 22 -2.21 -2.24 
Total: -17.20 -11.20 
D 22 0 	10 -7.31 •3.67 
22 D 	21 2.21 2.64 
22 0 24 6.10 .73 
Total: .00 .00 
23 D 	16 -3.18 -1.20 
23 D 24 .30 
Total: -3.20 -1.00 
0 24 0 22 -8.07 -.85 
0 24 D 23 -.51 -.20 
0 24 0 25 -2.97 -1.80 
D 24 0 24 .00 -4.11 
Total: -0.70 -6.70 
0 26 D 24 2.118 1.84 
D 26 0 25 ", 2.54 2.37 
D 26 o 27 -6.22 -4.00 
Total: .00 .00 
0 26 0 22 -3.00 -2.30 
Total: -3.00 -2.30 
0 27 0 26 2.22 4.12 
D 27 D 22 4.34 1.66 
3 27 20 2.26 2.16 
27 13 	28 -18.48 -7.92 
Total: .00 .00 
28 D 8 -7.75 -6.46 
26 I -7.41 -2.18 
3 28 BUS BS -1.20 4.110 
D 26 0 27 18.48 2.14 

























Total: -7.40 -2.70 
4 t 2 -311.81 -13.18 
4 3 31.17 -8.01 
4 II -61.611 7.85 
4 4 7 27.03 -8.64 
4 8 16.40 -.23 
• 
Total: -47.80 -20.00 
6 1 - 1.73 -16.47 
6 2 -20.45 -18.41 
6 4 82.112 -8.28 
6 IUS 110 -13.74 27.72 
6 a 46.80 11.81 • 
Total: -7.80 -1.80 
7 E 8 .00 -16.43 
7 E 8 27.02 6.23 
E 7 I 4 -27.03 10.20 
• 
Total: .00 .00 
• 7 -27.03 -4.43 
E I E 	10 4.27 3.10 
E E 	14 8.78 2.81 
E E 4 -16.48 1.63 
E E 8 .00 -11.70 
• 
Total: -211.110 -18.60 
E 10 E -4.28 -3.07 
E 10 E 	11 -4.74 -2.73 
• 
Total: -8.00 -6.10 
E 11 E -6.20 -4.16 
11 10 4.711 2.76 
• 
Total: -3.60 -1.80 
E 12 E -7.66 -2.48 
E 12 1 	13 1 .76 .14 
• 
Total: -6.10 -1.60 
E 13 E • -18.08 -7.28 
I 13 12 -1.77 -.67 
13 14 8.22 2.47 
Total: -13.60 -5.60 
14 E -8.85 -2.18 
14 1 	13 -8.25 -2.31 
Total: -14.20 -1.00 
System 1 	161.26 -586.611 
R*1•4.2.11.1.82: 161.31 	884.48 
Appendix H 
250 Bus Network 
Base Case B 
H.1 Bus Oriented Results 
H.2 Line Plow Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 	100. 
Bus 










Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 328.40 -50.35 
BUS 1 .960 .950- 5.32 .00 35.00 -5.00 35.00 63.75 37.80 
BUS 4 .998 .998 12.46 50.00 33.15 -300.00 300.00 37.50 16.80 
BUS 6 .990 .983- 8.55 .00 50.00 -13.00 50.00 65.00 30.80 
BUS 8 1.015 1.015 20.06 40.00 224.63 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 39.07 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .978- 7.56 85.00 120.00 -35.00 120.00 58.75 28.00 
BUS 15 .970 .970 6.57 .00 46.58 -10.00 50.00 112.50 56.00 
BUS 18 .973 .973 6.83 .00 37.58 -16.00 50.00 75.00 47.60 
BUS 19 .960 .968+ 5.90 .00 -8.00 -8.00 24.00 56.25 35.00 
BUS 24 .992 .992 19.97 49.00 12.48 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.49 220.00 86.27 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.67 420.00 23.26-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.49 45.00 12.44 -300.00 300.00 25.00 18.20 
BUS 31 .967 .967 7.95 7.00 63.97 -300.00 300.00 53.75 37.80 
BUS 32 .963 .963 9.66 .00 26.25 -14.00 42.00 73.75 32.20 
BUS 34 .984 .984 9.02 .00 15.02 -8.00 24.00 73.75 36.40 
BUS 36 .980 .978- 8.51 .00 24.00 -8.00 24.00 38.75 23.80 
BUS 40 .970 .970 8.03 .00 -7.71 -300.00 300.00 25.00 32.20 
BUS 42 .985 .985 9.78 .00 37.15 -300.00 300.00 46.25 32.20 
BUS 46 1.080 1.067- 17.42 89.00 100.00 -100.00 100.00 35.00 14.00 
BUS 49 1.025 1.025 20.94 300.00 53.54 -85.00 210.00 108.75 42.00 
BUS 54 .970 .970 15.49 48.00 39.89 -300.00 300.00 141.25 72.80 
BUS 55 .970 .969- 15.20 .00 23.00 -8.00 23.00 78.75 30.80 
BUS 56 .970 .972+ 15.62 .00 -8.00 -8.00 15.00 105.00 53.20 
BUS 59 .985 .985 18.37 155.00 109.68 -60.00 180.00 346.25 158.20 
BUS 61 .995 .995 23.24 160.00 13.99 -100.00 300.00 .00 .00 
1US 62 .998 .996- 22.08 .00 30.00 -20.00 30.00 96.25 33.60 
1US 65 1.005 1.005 29.23 500.00 141.80 -67.00 200.00 .00 .00 
tUS 66 1.050 1.050 27.31 500.00 28.21 -67.00 200.00 48.75 25.20 
►US 70 .984 .984 23.24 .00 17.43 -10.00 32.00 82.50 28.00 
tUS 72 .980 .980 24.78 43.00 -23.32 -100.00 100.00 .00 .00 
1US 73 .991 .991 25.10 __37.00 .95 -100.00 100.00 .00 .00 
US 74 .975 .966- 20.89 .00 39.00 -6.00 39.00 85.00 37.80 
US 76 .970 .970 21.54 .00 78.03 -8.00 80.00 85.00 51.80 
US 77 1.006 1.006 29.99 .00 43.95 -20.00 70.00 76.25 28.00 
US 80 1.040 1.040 34.01 600.00 218.21 -165.00 280.00 162.50 78.40 
US 85 1.020 1.018- 37.07 .00 23.00 -8.00 23.00 30.00 21.00 
US 87 1.015 1.015 35.93 4.00 -19.35 -100.00 1000.00 .00 .00 
US 89 1.055 1.055 46.68 750.00 118.68 -210.00 300.00 .00 .00 
US 90 .985 .985 40.59 .00 3.59 -300.00 300.00 97.50 72.80 
US 91 .985 .985 42.03 20.00 -43.17 -100.00 100.00 .00 .00 
US 92 1.030 1.030 41.79 .00 15.19 -3.00 20.00 81.25 28.00 
US 99 1.015 1.015 38.65 35.00 -24.50 -100.00 100.00 .00 .00 
US 100 1.017 1.017 38.74 350.00 86.22 -50.00 155.00 46.25 25.20 
BUS 103 1.000 .999- 35.83 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .971 32.79 .00 41.69 -8.00 53.00 47.50 35.00 
BUS 107 .980 .980 31.85 45.00 35.21 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 34.21 36.00 11.92 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 33.50 55.00 27.38 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 30.22 .00 88.91-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 14.97 100.00 35.21 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 12.43 80.00 80.00 -20.00 80.00 27.13 17.78 
A 5 1.010 .995- 7.86 50.00 62.45 -15.00 62.45 117.75 54.60 
A 8 1.000 .989- 8.00 20.00 85.00 -15.00 85.00 37.50 42.00 
A 11 1.050 1.050 8.62 20.00 16.03 -10.00 45.83 .00 .00 
A 13 1.050 1.050 6.30 20.00 16.18 -15.00 56.57 .00 .00 
B 1 1.050 1.050 4.09 100.00 98.75 -100.00 100.00 .00 .00 
B 2 1.045 1.040- 2.92 80.00 60.00 -20.00 60.00 27.13 17.78 
B 5 1.010 .998- -2.51 50.00 62.45 -15.00 62.45 117.75 54.60 
B 8 1.010 .991- 2.18 20.00 75.00 -15.00 75.00 37.50 42.00 
B 11 1.050 1.050 1.58 20.00 16.24 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -1.06 20.00 17.03 -15.00 56.57 .00 .00 
C 1 1.050 1.050 41.67 100.00 33.89 -100.00 100.00 .00 .00 
C 2 1.045 1.045- 40.36 80.00 60.00 -20.00 60.00 27.13 17.78 
C 5 1.010 1.010 35.84 50.00 50.08 -15.00 62.45 117.75 54.60 
C 8 1.010 1.004- 33.72 20.00 75.00 -15.00 75.00 37.50 42.00 
C 11 1.050 1.050 34.56 20.00 13.71 -10.00 45.83 .00 .00 
C 13 1.050 1.050 32.42 20.00 14.48 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 18.17 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 19.42 80.00 27.51 -20.00 60.00 27.13 17.78 
D 5 1.010 1.010 22.24 50.00 32.89 -15.00 62.45 117.75 54.60 
D 8 1.010 1.007- 18.84 20.00 75.00 -15.00 75.00 37.50 42.00 
D 11 1.050 1.050 17.83 20.00 14.41 -10.00 45.83 .00 .00 
D 13 1.050 1.050 14.91 20.00 16.72 -15.00 56.57 .00 .00 
E 1 1.060 1.055- 41.78 300.00 90.00 -40.00 90.00 25.00 16.80 
E 2 1.045 1.017- 36.49 40.00 50.00 -40.00 50.00 27.13 17.78 
E 3 .970 .969- 27.50 .00 70.00 .00 70.00' 117.75 54.60 
E 6 1.040 1.037- 27.52 .00 34.00 -6.00 34.00 14.00 10.50 
E 8 1.050 1.050 28.51 .00 23.98 -6.00 34.00 .00 .00 
Bus 	 Voltage 	 Load 
BUS 2 .960 6.21 25.00 12.60 
BUS 3 .955 6.63 62.50 28.00 
BUS 5 .999 12.86 50.00 25.20 
BUS 7 .977 7.72 63.75 19.60 
BUS 9 1.028 29.45 .00 .00 
WS 1.. .974 8.57 87.50 32.20 
BUS 13 .954 6.83 42.50 22.40 
BUS 14 .971 6.79 17.50 7.00 
BUS 16 .972 7.35 31.25 14.00 
BUS 17 .994 9.95 13.75 4.20 
BUS 20 1.011 3.73 22.50 9.80 
BUS 21 .985 2.35 55.00 21.00 
BUS 22 .973 4.37 56.25 18.20 
BUS 23 .981 17.10 77.50 39.20 
BUS 28 .957 9.87 21.25 9.80 
BUS 29 .958 8.09 30.00 19.60 
BUS 30 .980 16.97 .00 .00 
BUS 33 .966 7.04 28.75 12.60 
BUS 35 .977 8.55 41.25 26.60 
BUS 37 .989 9.78 .00 .00 
BUS 38 .956 15.61 .00 .00 
BUS 39 .967 7.98 33.75 15.40 
BUS 41 .964 7.57 46.25 14.00 
BUS 43 .977 7.75 22.50 9.80 
BUS 44 .994 9.01 20.00 11.20 
BUS 45 1.000 12.32 103.75 63.00 
BUS 47 1.014 19.71 80.00 42.00 
BUS 48 1.033 18.70 25.00 15.40 
BUS 50 1.003 18.85 21.25 5.60 
BUS 51 .977 16.51 21.25 11.20 
BUS 52 .964 15.40 22.50 7.00 
BUS 53 .953 14.33 28.75 15.40 
BUS 57 .981 16.52 15.00 4.20 
BUS 58 .972 15.78 15.00 4.20 
BUS 60 .986 22.18 97.50 60.20 
BUS 63 .967 22.43 .00 .00 
BUS 64 .982 24.57 .00 .00 
BUS 67 1.013 21.83 35.00 9.80 
BUS 68 1.001 30.24 .00 .00 
BUS 71 .987 24.12 .00 .00 
BUS 75 .966 22.38 100.00 35.00 
BUS 78 1.000 29.78 88.75 36.40 
BUS 79 1.004 30.46 48.75 44.80 
BUS 81 .993 31.69 .00 .00 
IUS 82 .993 32.71 67.50 - 37.80 
iUS 83 .999 33.66 25.00 14.00 
MS 84 1.005 35.71 13.75 9.80 
tUS 86 1.016 35.46 26.25 14.00 
wUS 88 1.018 41.59 60.00 35.00 
US 93 1.007 38.99 15.00 9.80 
US 94 .998 37.02 37.50 22.40 
US 95 .987 35.35 52.50 43.40 
US 96 .995 34.23 47.50 21.00 
US 97 1.012 34.70 18.75 12.60 
US 98 .973 33.22 80.00 67.20 
US 101 1.013 39.20 27.50 21.00 
BUS 102 1.037 41.04 31.25 4.20 
BUS 105 .957 32.05 38.75 47.60 
BUS 106 .944 31.45 86.25 50.40 
BUS 108 .947 31.19 2.50 1.40 
BUS 109 .943 30.88 60.00 14.00 
BUS 110 .962 32.73 48.75 35.14 
BUS 113 .992 9.74 7.50 -8.96 
BUS 114 .954 9.52 25.00 4.20 
BUS 115 .953 9.66 43.75 14.00 
DOS 117 .955 5.61 25.00 11.20 
BUS 118 .959 21.43 41.25 21.00 
A 3 1.006 10.32 3.00 1.68 
A 4 .996 9.40 9.50 2.24 
A 6 .991 8.56 .00 .00 
A 7 .981 7.55 28.50 15.26 
A 9 1.019 6.39 .00 .00 
A 10 1.007 4.01 7.25 2.80 
A 12 1.029 4.82 14.00 10.50 
A 14 1.007 3.72 7.75 2.24 
A 15 1.002 3.59 10.25 3.50 
A 16 1.010 4.16 4.38 2.52 
A 17 1.002 3.84 11.25 8.12 
A 18 .988 2.82 4.00 1.26 
A 19 .983 2.62 11.88 4.76 
A 20 .988 2.89 2.75 .98 
A 21 .991 3.46 21.88 15.68 
A 22 .993 3.49 .00 .00 
A 23 .989 3.17 4.00 2.24 
A 24 .982 3.06 10.88 9.38 
A 25 .994 3.61 .00 .00 
A 26 .972 3.02 4.38 3.22 
A 27 1.013 4.28 .00 .00 
A 28 .983 8.68 .00 .00 
A 29 .997 3.52 3.00 1.26 
A 30 .990 3.18 9.25 3.78 
B 3 1.004 2.05 3.00 1.68 
B 4 .995 1.71 9.50 2.24 
B 6 .990 1.58 .00 .00 
B 7 .982 -.70 28.50 15.26 
B 9 1.019 -.65 .00 .00 
B 10 1.007 -3.06 7.25 2.80 
B 12 1.028 -2.55 14.00 10.50 
B 14 1.006 -3.60 7.75 2.24 
B 15 1.001 -3.68 10.25 3.50 
B 16 1.009 -3.08 4.38 2.52 
B 17 1.001 -3.28 11.25 8.12 
B 18 .987 -4.38 4.00 1.26 
B 19 .982 -4.54 11.88 4.76 
B 20 .987 -4.24 2.75 .98 
B 21 .991 -3.59 21.88 15.68 
B 22 .992 -3.55 .00 .00 
B 23 .987 -3.95 4.00 2.24 
B 24 .980 -3.87 10.88 9.38 
B 25 .992 -2.85 .00 .00 
B 26 .970 -3.45 4.38 3.22 
B 27 1.011 -1.91 .00 .00 
B 28 .978 2.89 .00 .00 
B 29 .994 -2.67 3.00 1.26 
B 30 .987 -3.02 9.25 3.78 
3 1.007 36.65 3.00 1.68 
C 4 .998 35.65 9.50 2.24 
C 6 .999 34.52 .00 .00 
C 7 .992 34.29 28.50 15.26 
C 9 1.024 32.35 .00 .00 
C 10 1.012 29.97 7.25 2.80 
C 12 1.031 30.94 14.00 10.50 
C 14 1.010 29.80 7.75 2.24 
C 15 1.005 29.64 10.25 3.50 
C 16 1.014 30.21 4.38 2.52 
C 17 1.006 29.82 11.25 8.12 
C 18 .991 28.85 4.00 1.26 
C 19 .987 28.63 11.88 4.76 
C 20 .992 28.89 2.75 .98 
C 21 .996 29.39 21.88 15.68 
C 22 .998 29.40 .00 .00 
C 23 .992 29.11 4.00 2.24 
C 24 .987 28.84 10.88 9.38 
C 25 1.000 28.94 .00 .00 
C 26 .978 28.36 4.38 3.22 
C 27 1.019 29.34 .00 .00 
C 28 .992 33.32 .00 .00 
C 29 1.003 28.59 3.00 1.26 
C 30 .996 28.24 9.25 3.78 
D 3 .997 17.51 3.00 1.68 
D 4 .992 17.46 9.50 2.24 
D 6 .996 18.02 .00 .00 
D 7 .990 18.87 28.50 15.26 
D 9 1.022 15.61 .00 .00 
D 10 1.011 13.11 7.25 2.80 
D 12 1.028 13.42 14.00 10.50 
D 14 1.007 12.38 7.75 2.24 
D 15 1.003 12.31 10.25 3.50 
D 16 1.012 12.97 4.38 2.52 
D 17 1.005 12.86 11.25 8.12 
D 18 .989 11.68 4.00 1.26 
D 19 .985 11.55 11.88 4.76 
D 20 .991 11.87 2.75 .98 
D 21 .995 12.54 21.88 15.68 
D 22 .996 12.56 .00 .00 
D 23 .990 12.01 4.00 2.24 
D 24 .985 12.06 10.88 9.38 
D 25 .999 12.68 .00 .00 
D 26 .978 12.09 4.38 3.22 
D 27 1.020 13.39 .00 .00 
D 28 .990 17.84 .00 .00 
D 29 1.003 12.63 3.00 1.26 
D 30 .996 12.29 9.25 3.78 
E 4 .967 32.47 59.75 28.00 
E 5 .979 35.36 9.50 2.24 
E 7 1.010 28.51 .00 .00 
E 9 .997 26.44 36.88 23.24 
E 10 .994 26.27 11.25 - 	8.12 
E 11 1.010 26.74 4.38 2.52 
E 12 1.016 26.37 7.63 2.24 
E 13 1.007 26.28 16.88 8.12 
E 14 .977 25.01 18.63 7.00 
'ower Generated: 7081.40 3569.54 
Power Demanded: 6836.00 3605.14 
System Losses: 245.40 -35.60 
IUS 	■ 8 BUS 47 62.811 -6.86 
1US 	SS SUS 48 42.20 -12.12 
IUS • 18 BUS 70 66.26 21.85 
!US 	28 SUS 75 117.66 24.67 
PUS 	26 SUS 77 8.40 25.45 
PUS 	28 BUS 68 :12 ,1L22 
Total: 3211.40 -50.35 
IUS 	1 BUS 2 -12.71 • 6.01 
WS 1 BUS 
Total: 
2 
"18'04 -63./6 71117  
US 4 BUS 6 -65.72 6.23 
US 4 BUS 11 BS.22 7.12 
Total: 12.21 16.36 
US 8 BUS 6 -136.16 6.66 
US 	6 BUS 7 70.16 11,12 
Total: -68.00 16.18 
US 8 SUS $ -664.84 21.11 
US 8 BUS 30 111.76 36.61 
US A BUS 6 211,11 
Total: 40.00 210.62 
US 	10 BUS 6 ULM 1211 
S70.00 50.55 
US 	12 BUS 11 -71.94 43.68 
US 	12 SUS 2 41.16 12.38 
US 	12 BUS 3 12.68 2.87 
US 	12 BUS 7 -8.16 s.as 
US 	12 BUS 14 16.42 3.28 
US 	12 BUS 16 6.76 6.06 
US 	12 BUS 117 26.211 ---,LAI 
Total: 28.26 62.00 
J3 	16 BUS 12 .16 3.22 
IS 	16 BUS 14 -1.87 -2.44 
IS 	16 BUS 17 -132.20 -6.50 
J5 	16 BUS 12 26.80 -2.62 
IS 	IS BUS 33 -4.65 __.2A2 
Total: -112.20 -11.42 
PS 	18 BUS 17 -106.72 -11.22 
IS 	16 BUS 18 31.75 L-te 
Total: -72.00 -10.02 
PS 	16 BUS 18 -31.87 -2.46 
IS 	16 SUS 20 23.01 -41.17 
IS 	12 BUS 12 -28.21 2.811 
4 12 BUS 34 115111 
Total: -211.25 -43.00 
4 24 BUS 23 66,42 -2.54 
4 24 BUS 70 -12.20 .22 





2 22 BUS 22 222.52 63.65 
22 BUS 27 162.72 36.17 
2 22 BUS 28 7111=37 -11.66 
Total: 220.01 66.27 
S 25 BUS 30 228.24 -1.41 
S 25 BUS 2B 161.37 
Total: 420.01 23.25 
S 27 SUS 22 -161.01 -2.66 
S 27 BUS 28 50.07 1.81 
S 27 SUS 32 ■ 7.28 .10.67 
5 27 BUS 116 ALAI ---5 . 54  
Total: 20.00 -2 .75 
5 	31 BUS 17 -24.11 -10.76 
5 	21 SUS 22' 2.00 26.33 
6 	31 BUS 32 -24.54 10.52 
Total: -48.76 26.17 
22 BUS 23 • 100.22 15.17 
22 BUS 31 24.22 -12.12 
22 BUS 27 -67.10 11.25 
22 BUS 112 -4.47 -14.86 
32 BUS 114 6.60 12.16 
32 ■ 28 67.07 71111 
Total: -73.76 -5.62 
34 BUS 16 21.13 -2.25 
34 BUS 35 26.17 11.10 
24 BUS 37 .142.66 -15.21 
34 BUS 43 12.64 .1.14 
34 BUS 24 .00 LIZ=II Total: -73.712 • 21.32 
I 35 BUS 26 .3.70 11.47 
2 28 BUS 34 -26.06 -11.27 
-22.72 .20 
BUS - 40 SUS 37 -18.117 -8.12 
BUS 40 SUS 39 2.32 2.72 
BUS 40 BUS 41 17.47 6.68 
BUS 40 SUS 42 -16.81 -4.60 
SUS 40 • 6 LL,11 
Total: -26.00 -36.61 
BUS 42 IOUs 40 16.46 .61 
SUS 42 BUS 41 211.22 5.13 
BUS 42 BUS 48 -66.00 2.00 
SUS 42 BUS 46 -65.00 2.60 
PUS 42 A 26 ULU 11.6210. 
Total: -46.26 4.68 
PUS 46 SUS 46 78.21 30.26 
SUS 46 SUS 47 -16.92 46.64 
SUS 46 PUS 46 •6.36 18.26 
BUS 46 BUS 46 44. Lila! 
Total: $4.00 66.00 
BUS 48 SUS 47 37.64 6.61 
BUS 48 BUS 42 • 1.80 .41 
BUS 48 BUS 42 81.60 .46 
SUS 46 SUS 46 76.22 -11.64 
BUS IS SUS 46 66.10 -40.2$ 
But 46 1117b OW 14.03 10.23 
Pia IS SUS 111 62.21 14.41 
SUS 48 SUS $4 31.73 6.10 
BUS 	48 SUS 64 36.44 6.47 
BUS 46 SUS 88 -124.110 3.27 
SUS 48 SUS 611 -128.60 3.27 
BUS 49 SUS 611 -48.82 10.12 
Total: 181.26 11.64 
SUS 64 SUS 63 17.47 6.52 
BUS 64 SUS 48 -34.74 -11.00 
BUS 64 BUS 40 -34.41 -8.66 
BUS 64 BUS 66 11.86 -1.46 
BUS 64 BUS 56 -27.04 -14.64 
BUS 64 SUS 68 -21.1$ 12,11.1 
Total: -82.26 -22.51 
PUS 11 BUS 64 -6.66 -.42 
SUS 68 sus 611 -47.41 -3.74 
BUS 66 SUS 68 LL6AA 
Total: -78.76 -7.60 
1US 	118 SUS 64 27.08 14.28 
%US 68 BUS 611 47.62 2.76 
IUS 	66 BUS 67 -16.41 -4.08 
IUS 	66 SUS 68 -2.17 .26 
WS 68 SUS 58 -17.64 -1.24 
IUS 	88 SUS 66 -15.66 -1.01 
MS 68 0 	1 L121L2 
Total: -106.00 -61.20 
US SO But 64 21.42 -.62 
US SO BUS 88 16.12 -2.26 
US SO BUS 68 11.84 -3.24 
US 	611 SUS 65 24.86 -.28 
US 	1111 SUS 80 -42.41 5.00 
US 68 sus 61 -53.76 6.86 
US OS 0 2$ 3.26 -4.88 
US SS BUS 62 -48.83 
Total: -161.28 -46.62 
US 	81 BUS 66 64.76 -4.91 
OS 	81 BUS 80 140.84 37.12 
J2 	41 BUS 82 60.85 -12.84 
J5 	61 BUS 64 -88 .28 -1.86 
Total: 160.00 12.68 
IS 	82 BUS 60 .28 16.64 
IS 	62 SUS 81 -60.46 12.62 
IS 	82 BUS PS -46.61 -16.64 
IS 	82 SUP 57 42 ULM 
Total: -68.26 -2.80 
M 66 SUS 38 224.64 2.02 
4 86 SUS 64 270.86 44.83 
4 66 BUS SS -107.76 20.28 
4 86 SUS 
Total: 
611- LILA! nal 
100.01 141.80 
60 SUS 40 121.76 6.61 
66 SUS 48 121.76 8.61 
86 SUS 62 47.63 14.28 
SO SUS 67 104.46 16.62 
OS D 127.62 21.46 
68 BUS 66 .7.221,22 ALAI 
Total: 461.26 3.01 
1 70 PUS 68 -67.00 -12.55 
S 70 SUS 24 12.3$ -6.64 
S 70 SUS 71 -41.8$ 1.34 
g 70 SUS 74 30.60 3.08 
II 	70 SUS 76 12.81 7.24 
Total: -62.60 -10.67 
72 BUS 24 28.11 -18.011 
1 	72 SUS 71 4 . 88 
Total: 42.00 -23.22 
BUS 73 BUS 71 37.00 
TOtal: 37.00 .11 
BUS 74 BUS 70 -30.10 -4.11 
SUS 74 BUS 75 -64.50 17.34 
BUS 74 BUS 74 66 :11,22 
TOtal: -66.00 1.20 
BUS 70 BUS 77 -03.43 8.87 
BUS 71 BUS 118 --- 8=12 LUE! 
• 85.00 26.22 Total: 
SUS 77 BUS 76 07.82 .48 
SUS 77 SUS 80 -8.17 -27.00 
BUS 77 BUS 711 86.81 2.26 
BUS 77 SUS 7$ 28.91 33.01 
BUS 77 SUS 80 -164.77 -11.63 
BUS 77 SUS 80 • 72.47 -11.00 
BUS 77 SUS 62 !IL!! I 1 M 
Total: .76.26 15.06 
SUS SO BUS 77 166.81 21.53 
SUS 60 BUS 77 74.02 14.16 
SUS 00 '1 1 It 	1! 33 	IS 
SUS $0 BUS 66 2.71 22.74 
SUS 80 SUS S7 .7.25 31.20 
BUS 80 BUS 66 21.76 67.10 
BUS 60 BUS SO -3646 18.41 
BUS 60 BUS 61 12212 111.4.12 
Total: 437.60 138.81 
BUS 51 BUS 63 41.45 .16 
BUS 85 BUS 64 20.57 3.83 
BUS 65 BUS 66 22.43 -6.66 
BUS 86 BUS 86 • 78.48 16.70 
BUS SS SUS 80 • 103.43 -1447 
BUS IS C 5 46.47 141 
Total: -30.00 2.00 
SUS 	117 BUS 66 4.00 116.II 
Total: 4.00 -10.35 
BUS SO BUS SS 105.00 .06 
BUS SS BUS 416 140.26 32.77 
SUS SO BUS 00 85.33 21.46 
BUS 88 BUS 60 122.81 48.18 
BUS SO BUS 02 187.81 22.12 
SUS 88 BUS 112 16.15 2.06 
BUS 	811 C 2 -8.37 
Total: 710.00 118.88 
IUS 00 BUS 60 -63.07 • 18.74 
IUS 00 SUS IS -116.85 .28.23 
IDS SO SUS 51 -26.46 7.37 
PUS 	80 S 6 116.66 121.11 
Total: -87.50 .24.21 
.US 	111 BUS 80 26.80 -8.76 
US 	81 BUS 112 " 6.66 LLtal 
Total: 20.00 -43.17 
US 92 BUS SO -164.72 -7.61 
US 82 BUS 110 -58.35 -1.47 
US 	112 BUS 81 7.14 22.34 
US 82 BUS 83 5240 8.64 
US 02 SUS 84 6547 3.83 
US 82 SUS 100 11.10 -3.25 
US 	112 BUS 102 21.21 -17.70 
US 02 C 	1 
Total: -81.2S -12.80 
IS 	115 SUS 80 37.36 -21.60 
IS 	80 SUS 100 
Total: 25.00 -24.50 
4 100 SUS 02 -141.87 -3.12 
4 100 SUS 14 67.64 11.21 
4 100 BUS 11•„ 66.48 12.44 
S 100 BUS 65 2.20 1.13 
S 	100 BUS 101 -6.83 2.83 
S 100 BUS 103 100.14 5.22 
S 100 SUS 104 63.16 10.13 
S 100 SUS 106 56.16 17.14 
Total: 303.76 51.02 
S 	102 SUS 100 -08.68 -1.811 
S 	103 SUS 104 34.84 8.43 
102 SUS 101 43.11 11.07 
S 	103 BUS 110 11.86 
Total: 11.25 27.60 
1 	104 SUS 100 -11.17 .10.42 
1 	104 BUS 103 -34.33 -8.23 
1 	104 BUS 108 36.70 ILA! 
Total: -47.10 8.18 
1 	107 BUS 106 1.80 5.07 
I 	107 BUS 105 0.40 14.80 











• • • 
SUS•111 	SUS 110 	 21.00 	11.12 









SUS 112 	PUS 68 	 .00 
Total: 	 .00 66.81 
• 1 	 • 2 	 24.20 	2.61 
• 1 • 3 41.12 13.73 




































- 11!11 	 11.03 
20.00 16.03 
4 13 	 • 12 	 20.00 
Total: 	 20.00 16.16 
2 	 40.36 	3.66 
: 	
II 
I 3 22.16 18.82 
1 1 SUS 20 	 34.43 	78.1• 
Total: 	 100.00 88.76 
1 2 	 II 1 	 -40.10 	-2.27 
1 2 	 8 4 	 12.42 	17.63 
: 2 22.43 10.72 
- : : 2 	 21.13 	 11,11 
Total: 	 12.66 42.22 
2 2 	 -21.17 	-7.63 
■ 7 " 15 . 52 
 
ILIA 
▪ Total: 	 -27.76 	7.86 
I 	 ■ 6 	 22.20 	-6.46 
4 2 26 -3.63 8.46 
8 	 SUS 22 	 711=17 11, 17  
Total: 	 -17.60 	33.00 
11 	 2 6 	
- 
11J11 
Total: 20.00 16.24 




C 2 	 42.13 	-2.67 
1 	 C 3 63.26 12.31 
1 SUS 62 	 4.62 	37.21 
Total: 	 100.00 33.66 
2 	 C 1 	 -41.11 	3.71 
2 C 4 23.61 2.87 
2 	 C 2 	 44.22 	8.37 
2 C 8 83.33 6.16 
2 	 SUS 86 	 LULA' I4 . 32 
Total: 	 62.87 	42.22 
2 	 C 2 	 -43.33 	-6.26 
5 C 7 21.74 3.81 
2 	 SUS 86 	 LILLE 	-1.47 
Total: 	 -87.76 -4.22 
a 	 C s 	 -27.62 	20.08 
8 C 26 4.94 3.37 
a 	sus 63 	-__1.21 ---2 J11 
Total: 	 -17.20 	23.00 
11 	 C 8 	 20.00 	Ilzja 
Total: 20.00 	 7 1 












Total: 	 20.00 	14.46 
O 2 	 0 1 	 36.08 	-11.68 
O 2 D 4 22.87 6.06 
O 2 	 0 6 	 -22.67 	10.12 
D 2 0 8 ma/ 	 Lai 
Total: 	 62.47 8.73 
O 11 	 D 2 	 23.16 	-11.04 
o 6 0 7 43.12 -.80 
O 6 	 SUS 88 	 •ILLAt -10 . 07 
Total: 	 -67.76 	-21.71 
D 4 	 D 6 	 38.64 	14.80 
D 4 D 26 10.43 4.26 
O 8 	 SUS 67 	 ....111.„12 	14.16 
Total: 	 -17.60 32.00 
D 11 	 D 11 	 20.00 	14.41 
Total, 20.00 14.41 
O 13 	 D 12 	 E0.22 
20.00 	16.72 
8 1 	 I 2 	 172.20 	16.61 
E 1 £ 5 67.62 21.92 




8 2 	 8 1 	 -168.01 	-2.55 
8 2 6 3 40.68 11.44 
E 2 	 E 4 	 44.27 	13.78 
8 2 8 6 16.43 16.16 
5 2 	 SUS 57 	 IE=Il 	-4.02 
Total: 	 12.44 	32.22 
8 3 	 I 2 	 -77.88 	-1.46 
8 2 2 4 ' 40 . 17 	 16 A1 
Total: 	 -117.76 15.40 
t 6 	 1 11 	 11.33 	8.70 
111 	 8 12 	 10.19 	4.02 
! 8 8 13 23.47 12.20 
16 	 8 6 	 LIIA1 	-1.44 
Total: 	 -14.0023.60 
4 	 E 7 	 . 00 
 - 
nail 
Total: 	 .00 	23.41 





US 2 SUS 12 -40.110 -111.45 
Total: 	 -26.00 
	
-12.18 
US 3 	SUS 1 
US 2 SUS 









OS 7 	SUS 6 
ES 7 SUS 12 
Total: 
Al 11 	SUS 8 
4 SUS 10 
Total: 
IS 11 	SUS 4 
IS 11 SUS II 
IS 11 	SUS 12 
4 11 SUS 13 
Total: 
4 13 	SUS 11 
4 13 SUS 16 
Total: 
4 14 	SUS 12 










































US 16 	SUS 12 





US 17 	SUS 16 	 136.28 	11.11 
US 17 PUS IS 21.12 2.74 
US 17 	BUS II 	 101.21 	11.12 
US 17 PUS 31 24.41 1.0$ 
US 17 	SUS 113 	 12.10 	.76 
US 17 SUS 30 -311.71 -$0.01 
US 17 	PUS 17 	 .00 	.00 
Total: 	 -13.76 -4.20 
US 20 	PUS IS 
US 20 SUS 21 
US 20 	8 1 
Total: 
US 21 	SUS 20 
US 21 SUS 22 
US 21 	P 4 
Total: 
US 22 	PUS 21 
US 22 1114 23 

















US 23 	SUS 22 
JS 23 SUS 24 
JS 23 	PUS 26 












JS 26 	SUS 27 
JS 25 814 28 
Total: 
JS 28 	BUS 26 













4 30 	SUS S 	 -111.02 	-60.00 
4 30 SUS 28 -263.21 -31.43 
4 30 	SUS 36 	 44.56 	20.22 
4 30 SUS 17 111=21 	 51.21 
Total: 	 .00 .00 





IS 33 SUS 27 -33.66 -6.74 
Total: 	 -26.71 
	
-12.80 
IS 31 	PUS 38 
	
3.70 	-11.71 
4 21 PUS 37 -44.81 -14.61 
Total: 	 -41.21 
	
-211.10 
II 37 	PUS 36 
S 27 PUS 33 
S 27 	PUS 34 
S 37 PUS 38 
S 27 	PUS 40 
S 37 PUS 38 










4 36 	SUS 20 
4 26 PUS 86 









'S 29 	PUS 37 
4 29 BUS 40 
Total: 
S 41 	PUS 40 












S 42 	PUS 44 	 -8.73 	-7.20 
S 43 PUS 34 -12.77 	-2.60 
Total: 	 -22.10 	-8.60 
4 44 	SUS 43 	 8.61 	1.58 
S 44 SUS 46 -11.21 8.68 
S 44 	• S 	 21.40 	-12.68 
2 44 SUS 44 	 .00 -9.16 
Total: 	 -20.00 	-11.20 
2 48 	SUS 44 	 62.06 	-1.40 
'S 41 PUS 46 -75.74 -26.07 
S 46 	BUS 48 	 -711.06 	18.21 
4 46 • 2 	 -14.01 -37.76 
4 46 	PUS 45 	 .00 	-10.00 
Total: 	 -103.76 -83.00 
SUS 47 	SUS 46 	 16.60 	-411.00 
SUS 47 SUS 4111 -27.67 •6.65 





• Total: 	 -$0.00 	-42.00 
SUS 441 	SUS 46 
SUS 46 SUS 46 





SUS SO 	SUS 45 









SUS $I 	SUS 45 	 -60.30 	-12.4$ 
SUS 61 SUS 52 34.22 6.24 
SUS 51 	SUS 66 	 17,25 	.20 
S US 111 0 4 	 -12.42 	,i,24! 
Total: -21.26 
SUS 62 	SUS $1 
	
•33.66 	-6.111 
SUS 52 SUS 63 11.45 ---1:11 
Total: 	 -22.60 	-7.00 





SUS 63 SUS 64 L11111 1 0.04 
Total: 	 -26.75 
	
.16.40 
SUS 67 	SUS 66 
SUS $7 SUS $0 
Total: 
SUS 66 	SUS 66 
SUS 66 SUS SI 
Total: 
S US 110 	SUS 66 
SUS 60 SUS 61 


















SUS 63 	SUS 6* 	 -161.66 	-112.1111 
SUS 63 SUS 66 111,11 	13=11 
Total: 	• 	 .00 .00 
1US 54 	SUB 63 
1US 64 SUS 66 















US 67 SUS 66 -102.15 -11.26 
WS 57 ALM -11.10 
Total: 	 -21.00 
	
-11.60 
U$ 66 	SUS 65 
US 66 SUS 61 
US $11 	SUS 116 





- 12=22 -12l.11 
.00 .00 
US 71 	SUS 70 	 41.74 	•1.56 
US 71 SUS 72 -4.66 3.03 
US 71 	SUS 73 	 ;ALAI 	 -1.47 
Total: 	 .00 .00 
1$ 76 	SUS 70 
IS 75 SUS 59 
1S 76 	SUS 74 
15 76 SUS 77 
IS 75 	SUS III 
Total: 
$ 75 	SUS 77' 
4 76 SUS 75 
Total: 
$ 75 	SUS 76 
II 76 SUS 60 














II 61 	SUS 66 	 120.93 	-16.12 
1 61 SUS 50 •ULM 
 
114.11 
Total: 	 .00 	.00 
1 62 	SUS 77 
1 52 SUS 63 
1 52 	SUS 56 
1 52 C 26 










BUS 63 	SUS 82 45.15 3.10 
BUS 83 BUS 64 -25.05 4.15 
BUS 83 	SUS 6• -40.73 -1.26 
SUS 63 C 6 -6.07 -10.01 
SUS 53 	SUS S3 
Total: -25.00 -14.00 
SUS 84 	SUS 62 25.42 -6.55 
SUS 54 SUS 85 
Total: -13.75 -0.50 
BUS 86 	SUS 66 -22.20 2.62 
SUS 88 SUS S7 LLLAL 
-16.26 -14.00 
sus as 	sus as 77.88 -13.47 
SUS $1 SUS 69 -137. 68 L21.11 
Total: -80.00 -36.00 
BUS 53 	BUS 62 -61.01 -7.66 
PUS 	113 SUS 64 
Total; -16.00 -5.80 
1US 94 	SUS 112 -54.64 -3.20 
1US 	04 SUS 93 -46.42 1.94 
1US 	94 	SUS 06 85.24 8.22 
'US 	94 SUS 86 62.14 -11.58 
;US 	114 	SUS 100 L1 1.11 
Total: -37.60 -22.40 
US OS 	SUS 84 -67.51 -6.27 
US 85 SUS 86 27.50 -23.40 
US OS 	C 4 L1A=21 
Total: -62.60 -43.40 
US SS 	SUS 60 -2.46 -25.76 
US 66 SUS 62 45.42 -10.73 
US OS 	SUS 84 -61.30 12.07 
US 06 BUS 85 -27.46 22.75 
US 06 	SUS 07 
Total: -47.60 -21.00 
US 07 	SUS SO 7.44 -32.111 
US 97 SUS 96 12.67 16.33 
US 07 	5 2 :11=1, 1 
Total: -15.76 -12.60 
JS 88 	SUS 60 -24.86 -66.05 
M 118 	SUS 100 
Total: -80.00 -57.20 
M 	101 	SUS 100 6.64 -5.06 
M 	101 SUS 102 
Total: -27.50 -21.00 
4 102 	SUS 82 -21.12 16.62 
4 	102 SUS 101 32.45 12.36 
4 	102 	I 	1 -12.65 zaLat 
Total: -31.25 -4.20 
106 	SUS 103 -42.02 -11.97 
10• SUS 104 -35.47 -21.40 
105 	SUS 106 21.83 15.69 
106 BUS 107 -1.62 -13.73 
105 	SUS 105 21.44 4.92 
106 SUS 1011 .00 16.32 
Total: -35.76 -47.80 
5 	106 	SUS 100 -66.33 -14.58 
5 	105 BUS 106 -21.71 -17.62 
5 109 	SUS 107 
Total: -66.25 -60.40 
t 	106 	SUS 106 -21.30 -4.22 
1 	108 sus 	los 11.30 4.42 
Total: -2.60 -1.40 
1 	1011 	SUS 101 -18.76 -5.37 
I 	108 BUS 110 
Total: -110.00 -14.00 
110 	SUS 103 -31.31 -14.21 
. 	110 BUS 1011  41.80 8.30 
110 	SUS 111 -35.87 -12.66 
110 SUS 112 -23.66 -10.112 
110 	SUS 110 .00 -1.11 
Total: -46.76 -36.14 
113 	SUS IS -12.011 -1.47 
113 SUS 22 4.33 10.41 
Total: -7.50 6.116 
114 	SUS 32 -5.47 -13.01 
114 SUS 115 
Total: -26.00 -4.20 
1US 118 	SUS 27 	 -42.22 	-4.42 




PUS 117 	BUS 12 	 111.00 
Total: 	 -26.00 	-11.18 
1U8 118 	BUS 72 	 -32.28 	-3.22 
1US 116 BUS 76 
Total: 	 -41.26 
- 
-21.00 
2 	 • 1 	 -48.71 	-11.34 
• • • 41.71 ---1.11 
Total: 	 -2.00 	-1.18 
4 	 A 2 	 -34.31 	-12.16 
4 A 3 -42.43 -10.13 
4 	 A 4 	 31.21 	2.09 





Total: 	 -8.20 	-2.24 
A 2 	 -42.07 	-11.67 
• • -26.1: -2.00 
• 7 	 22.26 	3.20 
A 8 22.27 -2.23 
A 22 	 -.12 	11.61 
A 0 18.74 -2.66 
A 10 	 11.12 ----IAA 
Total: 	 .00 	.00 
7 	 A i 	 -8,38 	-9.62 
7 A 8 112=1.1 -6.37 
Total: 	 -28.20 	-16.22 
2 	 A 11 	 -20.00 	-14.72 
11 A 10 38.74 11.52 
2 	 A 8 	 -16.74 	 E,11 
Total: .00 .00 
10 	 • 8 	 -28.74 	-11.76 
10 a 20 11.28 4.•0 
10 	 • 17 	 7.14 	6,41 
10 • 21 18.82 12.86 
10 	 • 22 	 8.63 	2.72 
10 • 8 -14.87 -2.14 
10 	 A 10 	 .00 111.12 
Total: 	 -7.26 	-2.80 
12 	 A 13 	 -20.00 	-15.34 
12 A 14 8.74 4.06 
12 	 • It 	 21.68 	8.87 
12 A 16 8.83 6.63 
12 	 • 4 	 L24 ,22 :ULLA 
Total: -14.00 -10.60 
14 	 A 12 	 -8.61 	-3.78 
14 A 16 1.68 1.SO 
Total: 	 -7.76 	-2.24 
16 	 A 12 	 -21.60 	-6.12 
li A 14 -1.88 -1.24 
IS 	 A 18 	 7.52 	3.13 
IS A 22 _--1.11 ---1.22 
Total: 	 -10.26 	-3.60 
18 	 A 12 	 ‘8.63 	-2.32 
18 • 17 4. 16 
Total: 	 -4.36 -2.62 
17 	 • 18 	 -4.14 	-2.76 
17 A 10 -7.11 ;1,71 
Total: 	 -11.26 	-1.12 
16 	 A 12 	 -7.22 	-2.26 
16 • 18 311 ---Lal 
Total: 	 -4.00 	-1.28 
18 	 • 18 	 -3.61 	-1.70 
16 • 20 L2.11 
Total: 	 -11.67 	-4.78 
20 	 A 18 	 4.38 	3.12 
20 A 10 -11.14 -4.10 
Total: 	 -2.76 	-.22 
21 	 A 10 	 -18.84 	-12.21 
11 • 22 Llal 
Total: 	 -21.67 	-12.66 
12 	 • 10 	 -8.85 	-2.86 
22 A 21 2.23 3.16 
12 	 A 24 	 8.61 ---LEY. 
Total: 	 .00 	.00 
• 23 	 • 16 -6.67 -3.97 
• 23 A 24 1.72 
Total: -4.00 -2.24 
• 24 	 A 22 -6.67 -2.21 
• 24 A 23 -1.66 -1.71 
• 24 	 A 26 -3.75 -1.10 
• 24 • 24 
Total: -10.87 -6.36 
A 25 	 A 24 3.76 1.66 
A 25 • 26 4.44 2.34 
A 26 	 • 27 -4.60 
Total: .00 .00 
A 26 	 • 21 ' 4 . 37 
Total: -4.37 -2.22 
A 27 	 • 21 5.32 5.06 
• 27 • 2• 6.46 2.34 
• 27 	 • 20 • .68 2.04 
• 27 • 28 L19=11 -10 .47 
Total: .00 .00 
• 2• 	 • • .14 -12.36 
• 26 A 6 4.51 -6.14 
• 2$ 	 BUS 42 -26.40 4.66 




1 26 	 A 27 -5.36 -2.23 
2• • 30 2.25 .•7 
Total: -3.00 -1.28 
1 30 • 27 -6.57 -2.84 
20 • 26 -.64 
Total: -9.25 -2.78 






Total: -2.00 -1.86 
4 8 2 -15.116 -22.42 
4 8 3 -21.82 -16.84 
4 8 8 8.03 7.64 
4 BUS 21 -8.73 13.47 
4 8 	12 
Total: 441t 
2 -20.62 -23.74 
4 -8.01 -6.03 
7 411.63 -4.71 
a -22.73 6.26 
26 -25.78 26.26 
6 16.24 -2.46 
10 ILA! ___a.la 
Total: .00 .00 
7 • 5 18.66 -16.14 
7 111 I 4{.21 LA!. 
Total: -26.60 -16.26 
• • 11 -20.00 -14.62 
• ill 10 3•.24 11.74 
• • 6 1!25 2 L4 
Total: .00 .00 
10 6 -26.24 -6.67 
10 20 11.75 4.28 
10 17 8.13 5.07 
10 21 18.41 13.26 
10 22 6.68 6.68 
10 a -14.68 -2.17 
10 10 ----22 L11 12. 
Total: -7.25 -2.80 
12 • 13 -20.00 -18.16 
12 • 14 1.41 4.1• 
12 • VS 20.11 10.36 
12 • 16 7.83 1.84 
12 • 4 L21.11 15.11. 
Total: -14.00 -10.60 
4 • 12 -6.28 -3.63 
4 8 	16 ---1.11 ---L.11 
Total: -7.71 -2.24 
• 12 -20.47 -6.88 
: 8 	14 -1.63 -1.88 
8 	18 7.13 2.27 
6 • 23 ---1.11 4.{6 
Total: -10.26 -3.60 
• 12 -7.14 -6.87 
8 	17 2.17 2.16 
Total: -4.37 -2.12 
• 	1,7 5 	1• -3.15 -3.11 
■ 	17 • 10 -0.10 11.11 
Total: -11.25 -6.11 
II 	IS • 15 -7.05 -2.14 
• IA ■ 	II 5.01 1.11 
Total: -4.00 -1.28 
11 	II 12 	16 -2.08 -1.26 
■ 	1• I 20 -5.12 
Total: -11.57 -4.72 
120 5 	1• 6.85 2.66 
11 	20 II 	10 -11 . 	0 :2=14. 
Total: -2.71 -.56 
11 	21 II 	10 -12.24 -12.81 
121 • 22 -3.14 -2.77 
Total: -21.17 -15.88 
• 22 I 	10 -6.26 -5.62 
5 22 ■ 21 2.64 2.71 
2 22 124 
Total. 
4 . 44 ---3 J0 1 
.00 ,00 
B 23 5 	IS -4.5111 -4.10 
I 23 II 	24 
Total: -2.24 
1 	24 II 	22 -4.20 -2.68 
1 	24 II 	23 -.17 -2.22 
1 	24 • 25 -5.40 -.20 
1 	24 II 	24 _---.22 z 3 .11 
Total: -10.87 - 2.28 
I 	25 124 5.48 .40 
121 2• 4.44 3.34 
1 	25 I 27 
Total: .00 .00 
28 ■ 25 L4=12 
Total: -4.77 -3.22 
27 • 25 10.03 2.68 
27 • 25 11.45 2.34 
27 • 20 2.•2 3.04 
27 • 26 LILA! :I=21 
Total: .00 .00 
25 • 8 22.08 -21.17 
22 • 6 3.57 -5.41 
25 BUS 22 -55.12 25.63 




25 127 -5.32 -2.23 
2• ■ 30 
Total: -3.00 -1.28 
20 II 	27 -2.27 -2.24 
30 ■ 28 -.24 
Total: -2.25 -3.78 
C 	1 -62.04 -5.40 
3 C 4 4 	04 
Total: -3.00 -1.54 
4 C 2 -21.62 -10.80 
4 C 3 -46.72 -6.08 
4 
C 6 43.06 -111.30 
4 
SUS •6 





Total: -2.50 -2.24 
C 2 -81.16 -5.60 
C 4 -42.62 12.71 
C 7 7.01 4.68 
C 6 27.5.5 -20.01 
C 25 35.30 1.60 
C • 12.0• -.82 
C 	10 14.11 
Total: .00 .00 
7 C • -21.51 -7.70 
7 C 8 -1.15 
Total: -26.50 
• C 	11 -20.00 -12.50 
• C 	10 3•.02 11.2• 
• C 5 -1•.05 tin 
Total: .00 .00 
C 10 	 C 
C 10 C 20 
C 10 	 C 17 
C 10 C 21 
C 10 	 C 22 
C 10 C 







































C 15 	 C 12 	 -22.12 	-6.34 
C 11 C 14 -2.03 -1.31 
C 12 	 C 12 	 7.02 	2.72 
C 16 C 23 ---1.16 ---221 





































: 20 C 10 -11.06 -4.46 
Total: 	 -2.75 
	
-.20 
21 	 C 10 	 -12.26 	-12.21 
: 21 	 C 22 












Total: 	 .00 .00 
23 	 C 16 	 -0.23 	-3.26 
23 C 21 2.23 1.04 




















22 C 26 4.44 3.34 
25 
	
C 27 	 -L1=11 	 L1.611 
Total: 	 .00 .00 
22 	 C 25 	 L1=22 
Total: 	 -4.37 	-3.22 
27 	 C 22 	' 	 11.23 	5.22 
27 C 26 2.46 2.32 
27 	 C 10 	 6.88 	2.04 
27 C 22 11!.11 	:11 22  
Total: 	 .00 .00 
26 	 C 
12 C 
28 	 SUS 62 







26 	 C 27 	 -6.32 	-2.23 
C 30 2.11 .27 
Total: 	 -3.00 	-1.21 
10 	 C 27 
	
-2.84 
10 C 29 -.24 
























12 20.14 16.27 
Total: -8.60 -2.24 
2 -18.62 -10.63 
4 24.02 2.64 
7 -13.68 11.47 
-38.34 -14.31 
26 7.60 8.11 
21.03 -1.20 
10 11.00 
Total: .00 .00 
7 	 0 6 -42.26 -1.44 
7 0 6 12.78 -.ULU 
Total: -26.60 -111 	28 
6 	 0 	11 -20.00 -13.28 
8:	I: 41.03 11.16 
6 	 D 8 
rot.. 1 : 
7AL.12 ---,LAI 
.00 .00 
10 8 -41.02 -8.27 
10 20 12.26 4.4$ 
10 17 8.02 2.48 
10 21 18.16 12.711 
10 22 8.16 11.84 
10 8 -16.00 -2.44 
10 10 .00 -16.44 
Total. -7.26 -2.60 
12 0 	13 -20.00 -111.86 
12 	 D 	14 8.24 3.88 
12 D 	16 20.26 2.68 
12 	 D 	16 8.64 6.38 
12 0 4 -20.14 L1121 
Total: -14.00 -10.60 
I* 	 D 	12 -8.13 -2.76 
14 0 	16 1.38 1.61 
Total: -7.72 -2.24 
I II 	 0 	12 -19.83 -8.07 
IS 	 0 	14 -1.37 -1.60 
IS D 	18 8.62 3.10 
IS 	 O 23 ---111 
Total: -10.26 -3.60 
16 	 0 	12 -6.66 -6.26 
16 0 	17 2.20 ---2 . 77 
Total: -4.37 -2.62 
17 	 0 	16 -2.18 -2.71 
17 0 	10 -6.41 
Total: -11.26 -6.12 
111 	 0 	16 -6.47 -2.86 
12 2.47 1.77 
Total: -4.00 -1.28 
18 	 D 	IS -2.48 -1.72 
18 0 	20 L1=11 
Total: -11.68 -4.76 
20 	 0 	18 0.46 3.11 
20 0 	10 
Total: -2.76 -.86 
21 	 0 	10 -16.61 -12.38 
21 D 22 
Total: -21.611 -16.81 
22 	 0 	10 -6.07 -6.47 
22 0 21 2.66 2.30 
22 	 0 24 8.16 2.17 
Total: .00 .00 
23 	 0 	IS -4.48 -3.80 
23 0 24 45 
Total: -4.00 -2.24 
24 	 0 22 -1.14 -2.10 
24 0 23 -.48 -1.11 
24 	 0 26 -4.24 -1.76 
14 D 24 00 
Total: -10.67 -8.31 
16 	 0 24 4.26 1.13 
I 11 	 E • 






-1 7 35 
D 25 
	
	 D 27 








O 27 	 0 25 	 6.64 	5.36 
O 27 0 211 5.45 2.33 
O 27 	 0 20 	 1.11 	3.04 
O 27 D 26 -21.21 	-10 . 71 
TOtal: 	 .00 .00 
D 25 	 0 1 	 -7.56 	-1.57 
O 26 0 6 -10.21 -1.11 
O 26 	 •U& 50 	 -3.33 	1.67 





TOtal: 	 .00 	.00 
▪ 26 	 0 27 
	
-2.23 
D 20 0 30 




O 30 	 0 27 	 -1.17 	-2.64 
O 30 0 29 -.14 
Iota,. 	 -8.26 	-3.76 
4 	 R 2 	 -42.04 	-13.60 
4 1 2 41.67 -16.54 
4 	 t 1 	 -110.07 	5.71 
4 I 7 32.55 -6.06 
4 	 I 5 	 ILLt 	 J=32 
Total: -66.71 -24.00 
s 	 t 1 	 -11.10 	-111.10 
S 8 2 -16.52 -17.12 
5 	 E 4 	 111.61 	-6.47 
5 SUS 60 	 -107.611 30.25 
5 	 2 I 	 LILA! 	 5.51 
Total: -11.60 -2.24 
O 7 	 8 1 	 .00 	-22.05 
1 7 I 1 22.00 11.51 
1 7 	 8 4 	 al.!! 	1 1.15 
Total: .00 .00 





R 5 1 10 4.56 2.45 





1 10 	 R 2 
1 10 1 11 
Total: 
11 	 1 0 
! 11 E 10 
Total: 
12 	 1 6 
12 1 13 
Total: 
13 	 R 6 
13 1 12 
12 	 1 14 
Total: 
14 	 1 $ 























'its. 1 	, 	246.40 	-26.45 
, 1082,1111112: 246.40 	1404.55 
Appendix I 
250 Bus Network 
Base Case C 
I.1. 	Bus Oriented Results 
1.2. 	Line Flow Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S babe : 	100. 
Bus 










Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 14.11 -29.93 
BUS 1 .960 .948- 5.15 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 12.54 50.00 38.65 -300.00 300.00 39.00 16.80 
BUS 6 .990 .982- 8.53 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 20.42 40.00 228.17 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 39.43 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .977- 7.54 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .969- 7.08 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 7.25 .00 41.64 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ 6.38 .00 -7.99 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 19.76 49.00 14.98 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.57 220.00 88.44 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.97 420.00 22.42-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.23 45.00 14.08 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 7.79 7.00 65.27 -300.00 300.00 55.90 37.80 
BUS 32 .963 .963 9.36 .00 31.49 -14.00 42.00 76.70 32.20 
BUS 34 .984 .983- 11.93 .00 24.00 -8.00 24.00 76.70 36.40 
BUS 36 .980 .977- 11.43 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 14.91 80.00 -28.60 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 17.50 90.00 9.08 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.067- 20.52 89.00 100.00 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 23.90 300.00 40.91 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 17.58 48.00 46.35 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 17.26 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 17.71 .00 -8.00 -8.00 15.00 109.20 53.20 
BUS 59 .985 .985 20.41 155.00 114.10 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 25.47 160.00 16.81 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 24.29 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.005 31.90 500.00 150.51 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 29.89 500.00 27.83 -67.00 200.00 50.70 25.20 
BUS 70 .984 .984 23.20 .00 20.53 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 24.64 43.00 -23.28 -100.00 100.00 .00 .00 
BUS 73 .991 .991 25.04 37.00 .95 -100.00 100.00 .00 .00 
BUS 74 .975 .964- 20.99 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .969- 22.14 .00 80.00 -8.00 80.00 88.40 51.80 
PUS 77 1.006 1.006 31.53 .00 59.22 -20.00 70.00 79.30 28.00 
MS 80 1.040 1.040 36.13 600.00 220.42 -165.00 280.00 169.00 78.40 
MS 85 1.020 1.017- 40.40 .00 23.00 -8.00 23.00 31.20 21.00 
tUS 87 1.015 1.015 39.17 4.00 -18.86 -100.00 1000.00 .00 .00 
tUS 89 1.055 1.055 51.05 750.00 129.06 -210.00 300.00 .00 .00 
.US 90 .985 .985 47.19 120.00 -23.51 -300.00 300.00 101.40 72.80 
ITS 91 .985 .985 47.50 20.00 -42.43 -100.00 100.00 .00 .00 
US 92 1.030 1.029- 45.64 .00 20.00 -3.00 20.00 84.50 28.00 
US 99 1.015 1.015 41.08 35.00 -24.27 -100.00 100.00 .00 .00 
US 100 1.017 1.017 41.29 350.00 95.51 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 38.10 40.00 50.00 -15.00 50.00 29.90 22.40 
BUS 104 .971 .971 34.90 .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 33.77 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 36.08 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.32 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 33.65 210.00 84.99-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 19.28 100.00 33.79 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 16.85 80.00 80.00 -20.00 80.00 28.21 17.78 
A 5 1.010 .994- 12.04 50.00 62.45 -15.00 62.45 122.46 54.60 
A 8 1.000 .989- 14.28 20.00 85.00 -15.00 85.00 39.00 42.00 
A 11 1.050 1.050 14.16 20.00 16.27 -10.00 45.83 .00 .00 
A 13 1.050 1.050 11.57 20.00 16.65 -15.00 56.57 .00 .00 
B 1 1.050 1.046- 3.51 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.035- 2.18 80.00 60.00 -20.00 60.00 28.21 17.78 
B 5 1.010 .991- -3.65 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .986- 1.39 20.00 75.00 -15.00 75.00 39.00 42.00 
B 11 1.050 1.050 .59 20.00 17.72 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -2.15 20.00 18.79 -15.00 56.57 .00 .00 
C 1 1.050 1.050 45.17 100.00 39.27 -100.00 100.00 .00 .00 
C 2 1.045 1.044- 43.77 80.00 60.00 -20.00 60.00 28.21 17.78 
C 5 1.010 1.010 38.99 50.00 56.21 -15.00 62.45 122.46 54.60 
C 8 1.010 1.002- 36.49 20.00 75.00 -15.00 75.00 39.00 42.00 
: 11 1.050 1.050 37.23 20.00 14.61 -10.00 45.83 .00 .00 
C 13 1.050 1.050 35.03 20.00 15.51 -15.00 56.57 .00 .00 
3 1 1.025 1.019- 20.24 100.00 100.00 -100.00 100.00 .00 .00 
) 2 1.020 1.020 21.48 80.00 29.50 -20.00 60.00 28.21 17.78 
) 5 1.010 1.010 24.47 50.00 36.12 -15.00 62.45 122.46 54.60 
) 8 1.010 1.006- 20.94 20.00 75.00 -15.00 75.00 39.00 42.00 
) 11 1.050 1.050 19.72 20.00 14.89 -10.00 45.83 .00 .00 
) 13 1.050 1.050 16.70 20.00 17.28 -15.00 56.57 .00 .00 
1 1.060 1.052- 45.60 300.00 90.00 -40.00 90.00 26.00 16.80 
: 2 1.045 1.013- 40.20 40.00 50.00 -40.00 50.00 28.21 17.78 
: 3 .970 .961- 31.18 .00 70.00 .00 70.00 122.46 54.60 
6 1.040 1.032- 31.84 .00 34.00 -6.00 34.00 14.56 10.50 
: 8 1.050 1.050 32.70 .00 26.39 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .958 6.11 26.00 12.60 
BUS 3 .953 6.52 65.00 28.00 
BUS 5 .999 12.97 52.00 25.20 
BUS 7 .975 7.67 66.30 19.60 
BUS 9 1.028 29.81 .00 .00 
BUS 11 .973 8.57 91.00 32.20 
BUS 13 .953 6.89 44.20 22.40 
BUS 14 .970 6.88 18.20 7.00 
BUS 16 .971 7.44 32.50 14.00 
BUS 17 .994 10.42 14.30 4.20 
BUS 20 1.007 3.33 23.40 9.80 
BUS 21 .981 1.68 57.20 21.00 
BUS 22 .968 3.69 58.50 18.20 
BUS 23 .980 16.87 80.60 39.20 
BUS 28 .957 9.61 22.10 9.80 
BUS 29 .957 7.88 31.20 19.60 
BUS 30 .980 17.80 .00 .00 
BUS 33 .964 8.69 29.90 12.60 
BUS 35 .976 11.48 42.90 26.60 
BUS 37 .988 12.80 .00 .00 
BUS 38 .956 17.86 .00 .00 
BUS 39 .967 13.41 35.10 15.40 
BUS 41 .964 14.63 48.10 14.00 
BUS 43 .976 11.01 23.40 9.80 
BUS 44 .993 12.90 20.80 11.20 
BUS 45 1.000 16.03 107.90 63.00 
BUS 47 1.015 22.26 83.20 42.00 
BUS 48 1.034 21.92 26.00 15.40 
BUS 50 1.003 21.56 22.10 5.60 
BUS 51 .976 18.81 22.10 11.20 
BUS 52 .963 17.62 23.40 7.00 
BUS 53 .953 16.42 29.90 15.40 
BUS 57 .980 18.85 15.60 4.20 
iUS 58 .971 17.97 15.60 4.20 
1US 60 .986 24.38 101.40 60.20 
WS 63 .966 24.68 .00 .00 
OUS 64 .981 26.93 .00 .00 
ITS 67 1.012 24.09 36.40 9.80 
iliS 68 1.001 33.18 .00 .00 
US 71 .987 24.06 .00 .00 
US 75 .964 22.61 104.00 35.00 
US 78 1.000 31.36 92.30 36.40 
US 79 1.004 32.16 50.70 44.80 
US 81 .993 34.33 .00 .00 
US 82 .990 35.22 70.20 '37.80 
US 83 .997 36.41 26.00 14.00 
US 84 1.004 38.84 14.30 9.80 
US 86 1.015 38.71 27.30 14.00 
US 88 1.016 45.49 62.40 35.00 
US 93 1.005 42.33 15.60 9.80 
US 94 .996 39.93 39.00 22.40 
US 95 .984 38.16 54.60 43.40 
US 96 .992 36.90 49.40 21.00 
JS 97 1.009 37.55 19.50 12.60 
JS 98 .972 35.38 83.20 67.20 
JS 101 1.012 42.32 28.60 21.00 
BUS 102 1.034 44.74 32.50 4.20 
BUS 105 .956 34.08 40.30 47.60 
BUS 106 .943 33.46 89.70 50.40 
BUS 108 .946 33.11 2.60 1.40 
BUS 109 .942 32.76 62.40 14.00 
BUS 110 .962 34.61 50.70 35.14 
BUS 113 .992 10.11 7.80 -8.96 
BUS 114 .954 9.18 26.00 4.20 
BUS 115 .953 9.32 45.50 14.00 
BUS 117 .953 5.49 26.00 11.20 
BUS 118 .957 21.81 42.90 21.00 
A 3 1.006 15.44 3.12 1.68 
A 4 .996 14.71 9.88 2.24 
A 6 .990 14.29 .00 .00 
A 7 .980 12.67 29.64 15.26 
A 9 1.019 11.93 .00 .00 
A 10 1.007 9.45 7.54 2.80 
A 12 1.028 10.08 14.56 10.50 
A 14 1.006 8.96 8.06 2.24 
A 15 1.001 8.86 10.66 3.50 
A 16 1.009 9.48 4.55 2.52 
A 17 1.001 9.23 11.70 8.12 
A 18 .986 8.10 4.16 1.26 
A 19 .982 7.92 12.35 4.76 
A 20 .987 8.22 2.86 .98 
A 21 .990 8.88 22.75 15.68 
A 22 .992 8.91 .00 .00 
A 23 .987 8.52 4.16 2.24 
A 24 .981 8.54 11.31 9.38 
A.25 .994 9.46 .00 .00 
A 26 .972 8.83 4.55 3.22 
A 27 1.014 10.37 .00 .00 
A 28 .983 15.25 .00 .00 
k 29 .997 9.57 3.12 1.26 
k 30 .989 9.21 9.62 3.78 
3 3 1.000 1.30 3.12 1.68 
I 4 .990 .93 9.88 2.24 
6 .986 .76 .00 .00 
7 .976 -1.68 29.64 15.26 
1 	9 1.016 -1.65 .00 .00 
1 	10 1.003 -4.16 7.54 2.80 
12 1.025 -3.64 14.56 10.50 
14 1.003 -4.74 8.06 2.24 
15 .998 -4.83 10.66 3.50 
16 1.006 -4.19 4.55 2.52 
17 .997 -4.40 11.70 8.12 
18 .983 -5.56 4.16 1.26 
19 .978 -5.73 12.35 4.76 
20 .983 -5.42 2.86 .98 
21 .987 -4.72 22.75 15.68 
22 .988 -4.69 .00 .00 
23 .984 -5.11 4.16 2.24 
24 .976 -5.01 11.31 9.38 
25 .988 -3.91 .00 .00 
26 .965 -4.55 4.55 3.22 
27 1.007 -2.89 .00 .00 
28 .974 2.16 .00 .00 
29 .990 -3.70 3.12 1.26 
30 .982 -4.07 9.62 3.78 
3 1.005 39.68 3.12 1.68 
C 4 .995 38.58 9.88 2.24 
C 6 .997 37.36 .00 .00 
C 7 .990 37.21 29.64 15.26 
C 9 1.022 35.01 .00 .00 
C 10 1.010 32.53 7.54 2.80 
C 12 1.030 33.54 14.56 10.50 
C 14 1.008 32.35 8.06 2.24 
C 15 1.003 32.18 10.66 3.50 
C 16 1.012 32.78 4.55 2.52 
C 17 1.004 32.37 11.70 8.12 
C 18 .989 31.35 4.16 1.26 
C 19 .984 31.12 12.35 4.76 
C 20 .990 31.39 2.86 .98 
C 21 .994 31.92 22.75 15.68 
C 22 .995 31.93 .00 .00 
C 23 .990 31.61 4.16 2.24 
C 24 .984 31.32 11.31 9.38 
C 25 .996 31.42 .00 .00 
C 26 .974 30.79 4.55 3.22 
C 27 1.016 31.84 .00 .00 
C 28 .990 35.97 .00 .00 
C 29 .999 31.04 3.12 1.26 
C 30 .992 30.68 9.62 3.78 
D 3 .996 19.57 3.12 1.68 
D 4 .991 19.52 9.88 2.24 
D 6 .995 20.07 .00 .00 
D 7 .989 20.96 29.64 15.26 
D 9 1.021 17.49 .00 .00 
D 10 1.010 14.89 7.54 2.80 
D 12 1.027 15.21 14.56 10.50 
D 14 1.006 14.13 8.06 2.24 
D 15 1.002 14.05 10.66 3.50 
D 16 1.010 14.75 4.55 2.52 
D 17 1.003 14.63 11.70 8.12 
D 18 .988 13.39 4.16 1.26 
D 19 .984 13.26 12.35 4.76 
D 20 .989 13.59 2.86. .98 
D 21 .994 14.30 22.75 15.68 
D 22 .995 14.32 .00 .00 
D 23 .989 13.74 4.16 2.24 
D 24 .983 13.79 11.31 9.38 
D 25 .998 14.47 .00 .00 
) 26 .975 13.84 4.55 3.22 
) 27 1.018 15.23 .00 .00 
) 28 .989 19.88 .00 .00 
) 29 1.001 14.43 3.12 1.26 
) 30 .994 14.07 9.62 3.78 
4 .961 36.82 62.14 28.00 
5 .974 40.17 9.88 2.24 
7 1.006 32.70 .00 .00 
9 .992 30.55 38.35 23.24 
10 .988 30.39 11.70 8.12 
11 1.005 30.95 4.55 2.52 
12 1.009 30.62 7.93 2.24 
13 1.001 30.51 17.55 8.12 
14 .970 29.09 19.37 7.00 
ower Generated: 7368.11 3636.81 
ewer Demanded: 7109.44 3605.14 
rstem Losses: 258.67 31.67 
BUS 11• BUS 47 48.87 -7.64 
BUS 118 BUS 48 33.2• -2.50 
BUS 86 BUS 70 100.63 21.52 
'BUS 68 BUS 75 114.70 26.69 
BUS 66 BUS 77 -16.41 33.63 
8US 48 BUS 64 -146.24 -84.22 
• 
Total: 111.11 -25.53 
BUS 1 BUS 2 -14.62 -6.62 
IOUS 1 BUS 2 -46.64 2.12 
• 
Total: -26.30 -2.81 
BUS 4 BUS II -68.63 12.42 
BUS 4 SUS 11 100.63 6.26 
Total: 11.01 21.66 
BUS 6 BUS $ -122.33 6.02 
BUS 6 BUS 7 71.77 14.16 
• 
Total: -87.6i 16.18 
BUS s BUS I .664.64 21.11 
SUS 8 BUS 30 116.46 37.30 
SUS 4 SUS 455.45 126.77 
• 
Total: 40.00 214.18 
. BUS 10 BUS 670.00 60.52 
Total: 570.00 50.65 
BUS 12 BUS 11 -74.32 43.33 
BUS 12 SUS 2 42.14 16.46 
BUS 12 BUS 2 13.66 6.84 
SUS 12 BUS 7 -2.17 5.21 
BUS 12 BUS 14 16.64 2.51 
BUS 12 BUS 16 2.57 5.40 
BUS 12 BUS 117 26.26 9.04 
• 
Total: 23.80 82.00 
BUS IS BUS 13 2.56 2.118 
BUS 16 BUS 14 1.42 -3.12 
BUS 16 BUS 17 -131.76 -11.62 
BUS IS BUS 16 26.21 -2.11 
BUS 14 BUS 33 -18.14 1.16 
• 
Total: -117.00 -8.00 
BUS 16 BUS 17 -106.44 -11.31 
BUS IS SUS 18 30.44 5.36 
• 
Total: -72.00 -6.56 
BUS 16 BUS 16 -30.32 -6.63 
SUS IS BUS 20 36.22 -41.82 
BUS 18 BUS 15 -26.40 1.51 
BUS 18 BUS 24 -26.28 3.04 
Total: -68.50 -43.00 
BUS 24 BUS 23 86.74 -.45 
BUS 24 BUS 70 -12.44 .62 
BUS 24 BUS 72 -27.61 14.81 
Total: 46.00 14.26 
BUS 2$ BUS 23 222.63 $6.01 
SUS 26 BUS 27 122.45 36.37 
BUS 2$ BUS 26 -172.01 -14.84 
Total: 220.01 45.44 
BUS 24 BUS 20 247.92 -2.46 
BUS 26 BUS 26 172.04 24.24 
Total: 420.00 22.42 
BUS 27 BUS 2$ -164.27 -1.01 
SUS 27 BUS 24 60.06 1.73 
SUS 27 BUS 22 64.84 -10.74 
SUS 27 SUS 116 64.26 6.29 
Total: 19.00 -4.12 
1112 31 SUS 17 -30.26 -4.20 
SUB 31 BUS 22 4.04 24.10 
IUS 31 BUS 32 -22.45 6.57 
Total: -46.60 27.47 
• 
iUS 22 PUB 22 -101.02 15.40 
US 32 BUS 21 22.88 -11.113 
US 22 SUS 27 -67.77 11.79 
US 32 SUS 113 -8.46 -12.32 
US 22 SUS 114 7.62 12.29 
US 22 6 26 61.15 -16.17 
Total: -78.70 -.71 
'BUS 24 SUS 16 26.43 -6.64 
BUS 24 BUS 32 26.61 12.13 
SUS 34 BUS 37 -154.26 -6.16 
BUS 24 SUS 42 9.94 -.17 
BUS 24 BUS 34 .00 -13.53 
• 
Total: -78.70 -12.41 
BUS 36 BUS 36 -4.111 12.46 
BUS 28 SUS 24 -26.39 -12.2$ 
• 
Total: -40.20 .16 
BUS 40 BUS 37 15.13 -17.44 
SUS 40 BUS 36 26.74 -6.70 
BUS 40 BUS 41 12.02 8.16 
BUS 40 BUS 42 -23.66 -2.44 
BUS 40 A 8 11.31 -42.36 • 
Total, 64.00 -80.80 
BUS 42 BUS 40 22.65 • .53 
BUS 42 SUS 41 38.68 3.46 
BUS 42 BUS 48 -26.37 -6.60 
BUS 42 BUS 46 •25.37 -6.68 
BUS 42 a 28 61.08 -12.46 
• 
Total: 41.80 .23.12 
BUS 46 BUS 45 71.67 22.42 
SUS 46 BUS 47 -11.66 46.27 
BUS 41 BUS IS -7.48 16.71 
BUS 46 BUS 46 .00 -11.38 
• 
Total: 62.60 511.00 
SUS 42 BUS 47 46.31 1.68 
BUS 411 SUS 42 36.20 2.00 
BUS 40 BUS 42 32.30 2.08 
BUS 40 BUS 45 72.65 -10.10 
BUS 40 BUS 46 68.84 -36.60 
SUS 48 BUS 60 50.43 9.27 
BUS 48 BUS SI 88.06 13.26 
BUS 411 BUS 64 40.80 7.44 
BUS 48 BUS 14 40.26 6.66 
SUS 48 BUS 88 -121.8i 1.00 
BUS 48 SUS 66 -121.68 1.08 
BUS 46 BUS 8111 •32.23 4.14 
Total: 1416.80 -1.08 
BUS 14 BUS 63 17.66 5.25 
BUS 64 BUS 48 -30.411 -8.66 
SUS 64 BUS 411 -36.06 -8.08 
BUS 14 BUS SS 7.60 -1.20 
BUS 14 BUS 58 -24.72 -12.48 
BUS 64 BUS SO •20.62 -4.05 
Total: •26.00 -28.45 
BUS 66 BUS 64 -7.45 -.66 
BUS 66 BUS 68 •411.64 -3.32 
BUS 66 BUS SO -24.67 -3.62 
Total: -81.00 -7.80 
BUS SS BUS 54 24.76 12.28 
BUS SO BUS 65 49.67 2.27 
BUS 66 BUS 67 -20.02 -2.28 
BUS SS SUS SS -3.62 1.45 
PUS SO BUS SS -17.81 -1.64 
PUS SO BUS 60 -18.44 -1.21 
BUS SO 0 	1 -124.22 -73.20 
Total: -108.20 -61.20 
BUS SS BUS 14 21.01 -.57 
IUS 611 BUS 66 17.68 •3.08 
IUS 66 BUS 66 16.73 -3.06 
IUS N BUS SS 24.67 -.16 
BUS 68 BUS 60 -44.06 411.00 
IUS SO BUS 01 -66.44 6.31 
1US SO 0 28 2.46 -4.41 
;US SS BUS 63 -181.18 -47.72 
Total: -206.10 •44.10 
US 81 BUS SO 66.62 •111.111 
US 01 BUS 60 146.62 27.46 
US 81 SUS 62 51.83 .11.74 
US Si BUS 64 -84.47 -3.72 
Total: 180.00 16.81 
US 82 BUS 80 .67 15.02 
US 62 SUS 81 -61.40 11.63 
US 62 BUS 68 .46.40 -14.77 
US 62 BUS 87 -.17 -16.88 
Total: -100.10 •3.80 
US OS SUS 28 241.80 3.14 
US 66 BUS 84 256.50 115.88 
US 611 BUS 68 -137.18 26.50 
.BUS 66 BUS 66 106.88 74.11 
Total: 100.01 150.81 
NUS 86 BUS 48 124.43 1.23 
NUS 86 BUS 41 124.43 1.23 
BUS 66 BUS 62 60.88 14.18 
BUS 86 BUS 87 110.26 16.88 
BUS 86 0 5 166.42 18.87 
BUS 68 BUS 66 -108.88 -88.88 
• 
Total: 440.30 2.112 
BUS 70 BUS 88 -17.65 -12.49 
BUS 70 BUS 24 13.04 -8.88 
BUS 70 BUS 71 -40.64 1.16 
BUS 70 BUS 74 26.64 4.52 
BUS 70 BUS 75 10.11 0.02 
• 
Total: -65.80 -7.47 
BUS 7• BUS 24 36.77 -15.20 
BUS 7 -i BUS 71 4.23 -7.06 
• 
Total: 43.00 -23.26 
BUS 73 BUS 71 37.00 .86 
Total: 37.00 .86 
BUS 74 BUS 70 -28.18 -6.47 
BUS 74 BUS 75 -58.24 141.63 
BUS 74 BUS 74 .00 -11.16 
• 
Total: -88.40 1.20 
BUS 75 BUS 77 -102.91 13.48 
BUS 7$ BUS 118 14.51 14.74 
• 
Total: -66.60 26.20 
BUS 77 BUS 76 106.03 .02 
BUS 77 BUS SO 17.25 -36.40 
BUS 77 BUS 71 78.41 1.38 
BUS 77 BUS 7$ 36.10 36.76 
BUS 77 BUS $0 -173.55 -3.44 
BUS 77 BUS $0 -81.74 -7.63 
BUS 77 BUS 62 -80.40 40.53 
• 
Total: -78.30 31.22 
BUS 60 BUS 77 1711.03 11.21 
BUS $0 BUS 77 413.68 12.22 
BUS $0 SUS 78 110.08 32.02 
BUS so BUS 88 -2.16 26.15 
BUS SO BUS 87 -20.10 37.60 
BUS 410 BUS 841 25.44 57.86 
BUS 60 SUS 118 -38.08 20.1$ 
BUS 60 BUS 61 94.06 -58.34 • 
Total: 431.00 142.02 
BUS 65 BUS 63 48.08 -.38 
BUS $1 BUS 84 44.72 2.412 
BUS 66 BUS ■ 23.50 -8.23 
BUS 66 BUS 86 -85.87 12.70 
BUS 66 BUS SS -114.00 -11.79 
BUS 66 C 6 52.16 -2.14 
Total: -31.20 2.00 
BUS 87 BUS SO 4.00 -16.188 
Tot• I : 4.00 -16.15 
BUS SO BUS SS 117.01 1.22 
BUS SO BUS 86 152.64 33.74 
BUS 68 SUS SO 46.01 26.20 
BUS 62 BUS SO 413.73 64.84 
BUS 86 BUS 82 207.11 22.36 
BUS SS BUS 82 186.72 1.18 
SUS SS C 2 76.75 -10.06 
Total: 750.00 128.01 
BUS 110 BUS SI • 43.70 -25.94 
BUS SO BUS 88 -81.61 -46.84 
BUS $0 BUS 81 -5.77 .73 
BUS $0 ■ 5 148.62 -22.48 
Total : 16.80 -15.31 
BUS Si BUS 80 ITS -2.76 
BUS SI BUS 82 14.22 -38.06 
Total: 20.00 -42.43 
BUS 52 BUS 88 -203.26 -3.50 
BUS 52 SUS 69 -84.18 -.03 
BUS 52 SUS 61 -13.66 36.60 
BUS 02 BUS 93 73.17 7.45 
BUS 22 BUS $4 85.00 2.38 
BUS 02 BUS 100 26.81 -4.73 
BUS 82 BUS 102 26.76 -16.11 




BUS 28 BUS SO 12.82 -22.02 
SUS 28 BUS 100 -4.82 -2.25 
Total: 311.00 -24.27 
BUS 100 BUS 82 -28.37 -1.36 
SUS 100 BUS 84 48.17 21.0$ 
BUS 100 BUS 86 80.16 12.44 
BUS 100 BUS 88 4.53 .17 
BUS 100 SUS 101 -12.07 6.74 
SUS 100 BUS 103 101.01 4.2$ 
SUS 100 BUS 104 58.83 10.63 
SUS 100 BUS 101 62.31 17.06 
0 
Total: 201.60 70.21 
BUS 103 SUS 100 -107.07 .11 
SUS 102 BUS 104 36.64 6.68 
SUS 102 BUS 106 46.36 10.47 
SUS 103 SUS 110 36.28 11.34 
• 
Total: 10,10 27.110 
SUS 104 SUS 100 -53.34 -2.26 
BUS 104 BUS 103 -we. -7.42 
BUS 104 SUS 106 41.64 28.06 
0 
Total: -49.40 8.28 
BUS 107 SUS 105 .60 10.10 
BUS 107 BUS 108 7.60 15.28 
BUS 107 BUS 107 .00 -6.76 
Total: 6.60 111.68 
SUS 111 BUS 110 25.00 12.44 
4 
Total: 36.00 12.44 
BUS 112 BUS 110 22.60 10.21 
Total: 22.60 10.26 
SUS 112 BUS 118 210.00 64.88 
Total: 210.00 84.68 
• 1 • 2 81.68 3.12 
• 1 • 2 42.13 16.02 
• 1 BUS 48 -23.86 16.16 
Total: 100.00 33.79 
• 2 • 1 -60.811 -2.88 
• 2 • 4 28.64 10.711 
• 2 • S 46.06 10.27 
• 2 • 6 30.97 12.23 
• 2 BUS 45 28.78 31.70 
Total: 61.78 62.22 
11 	6 • 2 -45.011 -8.32 
li 	6 • 7 -4.04 6.64 
1 	1 SUS 44 -23.32 7.34 
Total: -72.46 7.66 
1 	8 • 8 -1.41 -3.84 
1 	6 • 26 -8.63 4.08 
■ 	6 BUS 40 -11.09 42.118 
Total: -19.00 43.00 
11 • a 20.00 19.27 
Total: 20.00 18.27 
12 • 12 20.00 16.66 
Total: 20.00 18.86 
■ 2 45.44 2.62 
1 B 2 29.87 16.87 
BUS 20 27.611 77.21 
Total: 100.00 100.00 
2 B 	1 -45.07 -6.62 
2 B 4 111.83 17.62 
2 B 6 66.67 11.23 
2 B 5 21.68 11.88 
Total: 11.78 42.22 
II 6 ■ 2 -64.16 -7.46 
D S 11 	7 -16.31 16.33 
• 
Total: -72.46 7.05 
II AI 0 8 23.74 -8.60 
II 6 II 	20 •4.14 8.21 
I $ BUS 22 -38.81 32.22 
• 
Total: -11.00 22.99 
11 11 11 	• 20.00 17.72 • 
Total: 20.00 17.72 
11 13 IS 	12 20.00 16.79 
• 
Total: 20.00 18.711 
C 1 C 2 46.65 -4.38 
C 1 C 2 67.116 12.78 
C 1 BUS • 2 -3.80 20.17 
• 
Total: 100.00 31.27 
C 2 t 	1 -46.26 2.68 
C 2 C 4 61.16 0.22 
C 2 C 6 48.35 7.34 
C 2 C 8 811.73 6.66 
C 2 BUS SS -76.15 17.42 
• 
Total: 61.76 42.22 
C 6 C 2 -45.311 •0.50 
C 6 C 7 24.611 4.27 
C 6 SUS 116 -61.77 2.14 
• 
Total: -72.41 1.61 
C 8 C 6 -20.23 20.78 
C C 28 11.76 3.08 
C 6 BUS 113 6.56 8.16 
Total: -11.00 33.00 
C 11 C • 20.00 14.61 
Total: 20.00 14.11 
C 13 C 	12 20.00 16.51 
Total: 20.00 16.51 
D 1 0 2 -35.70 0.26 
1 D 3 11.66 • .4• 
0 1 BUS 0• 128.74 11.20 
Total: 100.00 100.00 
D 2 D 	1 26.116 -11.24 
11 2 0 4 23.0• 0.01 
D 2 0 -24.20 10.04 
2 0 6 17.07 6.110 
Total: 61.7• 11.72 
1 6 0 2 24.•2 -11.21 
9 6 0 7 44.11• -.30 
1 6 BUS •8 -142.06 -0.77 
Total: 7TF745 -11.48 
D 6 40.0• 13.•8 
D 2• 10.68 4.08 
BUS 67 -68.82 14.08 
Total: -16.00 33.00 
8 20.00 14.1$ 
Total: 20.00 14.8• 
13 0 	12 20.00 17.211 
Total: 20.00 17.26 
6 2 176.76 16.37 
E 5 40.6• 23.7• 
SUS 102 411.311 31.04 
Total: 274.00 73.20 
2 1 	1 -170.27 -3.71 
2 I 3 80.24 11.44 
2 IE 	4 35.311 10.60 
2 1 0 8.04 18.60 
2 SUS 07 06.46 -0.80 
. 
Total: 11.71 32.22 
• I 	3 O 2 -77.21 -2.12 
I 3 1 4 -46.26 16.32 
• 
Total: -122.46 16.40 
2 	11 12.13 8.36 
I 	12 10.63 2.11 
11 1 	12 24.61 12.10 
8 2 -S1.113 -.26 
• 
Total: -14.66 23.60 
2 7 .00 26.26 • 
Total: .00 26.28 
BUS 2 	SUS 1 18.72 3.68 
SUS 2 BUS 12 -42.72 -16.64 
• 
Total: -28.00 -12.56 
SUS 3 	SUS 1 60.03 -2.63 
SUS 3 Ilua -101.63 -13.13 
BUS 3 	 BUS 12 -13.41 -11.92 
• 
Total: -86.00 -27.11 
SUS SUS 4 88.67 -13.06 
SUS BUS 3 104.40 22.67 
SUS BUS 6 141.73 4.47 
BUS PUS 11 111.86 7.67 
SUS BUS 8 -428.48 -61.83 
BUS PUS 8 .00 38.88 
• 
Total: -82.00 -26.18 
BUS 7 	 BUS 6 -71.46 -13.63 
BUS 7 BUS 12 6.11 -8.03 
• 
Total: -68.30 -18.68 
BUS 8 	 BUS 6 602.28 20.04 
BUS 8 BUS 10 -112.21 -20.03 
• 
Total: .00 .00 
BUS 11 	BUS 4 -68.38 -3.02 
BUS 11 PUS S -102.12 -.66 
SUS 11 	 BUS 12 74.76 -42.26 
BUS 	11 BUS 13 61.73 13.11 
Total: -21.00 -32.17 
BUS 13 	BUS 11 -41.27 -14.04 
BUS 13 SUS 111 -2.83 -8.28 
Total: -44.20 -22.40 
BUS 	14 SUS 12 -18.77 -1.41 
BUS 	14 BUS IS -1.43 -1.56 
Total: -16.20 -8.28 
SUS IS 	SUS 12 -3.68 -7.38 
BUS 	IS SUS 17 -211.84 -8.81 
Total: -32.60 -12.811 
SUS 	17 BUS 16 134.22 11.44 
SUS 17 	SUS 16 21.36 3.76 
SUS 17 SUS IS 106.66 16.21 
SUS 17 	BUS 31 30.77 6.37 
SUS 	17 BUS 113 17.44 -.73 
BUS 17 	SUS 30 -336.01 -41.41 
SUS 	17 BUS 17 .00 .00 
Total : -14.30 -4.18 
IUS 20 	BUS IS -24.84 42.33 
1US 20 SUS 21 36.62 22.71 
tUS 20 11 	I -27.06 -74.66 
Total; -23.40 -2.78 
WS 21 	BUS 20 -38.16 -23.16 
WS 21 BUS 22 -30.11 18.21 
WS 21 	B 4 11.08 -18.13 
Total: -17.20 -21.00 
US 22 	BUS 21 30.31 -18.36 
US 22 SUS 23 -126.14 24.61 
US 22 	B S 36.24 -33.36 
Total: -641.60 -11.11 
BUS 23 BUS 22 134.61 -6.25 
BUS 23 BUS 24 -86.26 4.02 
BUS 23 SUS 26 -221.54 -26.51 
BUS 23 BUS 32 104.73 -8.36 
Total: -60.80 -36.20 
BUS 26 BUS 27 -42.26 -1.44 
BUS 26 BUS 26 27.45 - 2.35 
• 
Total: -22.10 -6.20 
SUS 24 BUS 26 -27.24 7.01 
SUS 211 BUS 31 -3.66 -26.61 
• 
Total: -31.20 -16.80 
SUS 30 BUS 8 -24.80 -62.03 
SUS 20 BUS 26 -243.00 -24.62 
BUS 30 BUS 36 1.83 22.42 
BUS 30 SUS 17 326.06 112.70 
• 
Total: .00 .00 
BUS 33 SUS 16 15.31 -10.81 
BUS 23 out 27 - 411.71 • 1.10 
• 
Total: -29.90 -12.60 
BUS 35 BUS 36 4.42 -12.64 
BUS 36 SUS 37 -47.62 -12.66 
• 
Total: -42.110 -26.57 
BUS 27 BUS 36 42.10 12.90 
BUS 27 SUS 33 44.24 2.06 
BUS 27 SUS 34 155.65 7.26 
SUS 37 BUS 36 -3.24 18.64 
BUS 37 SUS 40 -12.22 14.27 
SUS 37 SUS 36 -237.64 -61.611 
BUS 37 BUS 37 .00 24.40 
I 
Total: .00 .03 
BUS 29 BUS 30 -1.74 -81.47 
SUS 34 BUS SS -236.11 -44.30 
SUS 241 BUS 37 237.94 105.77 
Total: -.01 .00 
BUS 39 BUS 37 3.26 -21.63 
BUS 34 BUS 40 -28.46 4.22 
Total: -35.10 -16.40 
BUS 41 SUS 40 -12.00 -11.12 
BUS 41 BUS 42 -38.10 -4.61 
Total: -44.10 -14.00 
SUS 43 BUS 44 -13.50 -8.06 
SUS 43 SUS 34 -4.60 -3.71 
Total: -23.40 -6.60 
SUS 44 BUS 43 12.63 .72 
BUS 64 BUS 46 -56.17 7.20 
BUS 44 A S 23.44 -11.116 
BUS 44 BUS 44 .00 -6.57 
Total: -20.$0 -11.20 
1114 45 SUS 44 66.811 -8.47 
ISIS 45 SUS 45 -68.44 -22.46 
US 41 SUS 46 -68.06 14.96 
WS 45 A 2 -25.31 -22.66 
11111 45 BUS 61, .00 -10.00 
Total: -107.60 -63.00 
US 47 BUS 46 12.38 -42.97 
US 47 SUS 46 -47.26 -1.66 
US 47 BUS 64 -47.71 2.63 
Total: -62.20 -42.00 
US 46 BUS 48 7.76 -22.07 
US 46 BUS 46 -55.10 31.63 
US 44 A 	1 24.34 -18.12 
US 46 BUS 45 .00 -111.04 
Total: -26.00 -16.40 
JS SO SUS 48 -66.60 -8.24 
JS SO SUS 67 24.60 3.08 
Total: -22.10 -5.40 
M SI SUS 49 -87.42 -10.00 
IS SI BUS 62 22.23 7.66 
BUS 61 sus 112 12.22 -.22 
BUS 61 2 4 .10.04 -8.14 
• 
Total: -22.10 -11.20 
BUS 52 BUS 61 -26.22 -8.22 
BUS 52 SUS 63 12.63 1.22 
• 
Total: -23.40 -7.00 
BUS 63 BUS 62 -12.44 -4.76 
PUP 62 BUS 64 -17.44 -10.62 
• 
Total: -22.20 -16.40 
BUS 67 BUS 25 20.17 .38 
BUS 67 BUS 60 -32.77 -4.68 
• 
Total: -16.20 -4.20 
BUS 66 BUS 68 3.63 -3.72 
BUS 22 BUS sl -12.23 -.42 
• 
Total: -16.20 -4.20 
BUS 20 SUS 62 44.76 -2.12 
BUS 20 SUS Si -141.22 •24.26 
SUS 60 81211 22 -.62 -16.32 
• 
Total: -101.40 -60.20 
BUS 62 PUP 84 -181.18 -62.17 
BUS 83 SUS 62 121.18 63.17 
Total: .00 .00 
BUS 44 BUS Si 121.62 61.11 
DUB 64 BUS 66 -248.36 •57.22 
BUS 84 BUS 61 24.47 8.16 
• 
Total: .00 .00 
PUS 27 BUS 52 .22 12.72 
PUS 67 BUS 22 -107.71 -10.22 
BUS 67 0 6 71.08 -12.23 
P 
Total: -28.40 .8.40 
SUS 68 BUS 116 137.46 -42.28 
BUS 82 SUS -23.20 22.12 
BUS 86 1; 4 -202.53 -88.24 
6U6 84 BUS 22 188.26 106.64 
Total: .00 .00 
SUB 71 PUS 70 41.05 -1.40 
BUS 71 PUS 72 -4.21 2.86 
BUS 71 8122 73 •24.88 -1.17 
Total: .00 .00 
BUS 75 BUS 70 -10.01 -12.12 
BUS 76 PUS 66 -102.41 -14.70 
BUS 75 2125 74 22.75 •16.10 
BUS 76 BUS 77 -72.83 6.32 
SUS 76 2112 118 26.80 4.68 
Total: .104.00 -35.00 
BUS 76 BUS 77 -32.01 -26.43 
BUS 76 BUS 72 -27.22 -.57 
Total: •22.30 -26.40 
IUS 72 8U6 76 67.47 .72 
1U5 72 8U6 20 -104.17 -25.37 
MS 72 BUS 78 .00 -20.14 
Total: •10.70 -44.40 
WS 81 DUB 46 64.02 •63.57 
WS 41 BUS 20 -24.08 82.57 
Total: .00 .00 
US 22 BUS 77 21.26 -38.47 
US 82 PUP 43 •66.78 .26 
US 42 SUS 618 -60.40 12.04 
US 62 C 26 -26.83 6.32 
US 82 PUP 82 .00 -12.41 
Total: -70.20 -37.60 
US 63 PUS 82 65.11 -.22 
US 83 BUS 84 *26.46 6.26 
U6 83 SUS 412 -47.12 .14 
US 63 C 8 •1.13 -2.42 
US 63 BUS 82 .00 -2.63 






























Total: -27.30 -14.00 
SUS 88 SUS • 2 87.18 -14.27 
BUS • 6 SUS SS -142.28 -20.12 
Total: -62.40 -36.00 
BUS 52 SUS 62 -71.82 -6.27 
BUS 22 SUS 24 15.21 -4.43 
• 
Total: -15.80 -2.80 
BUS 14 BUS 22 -64.01 .00 
SUS 54 BUS 23 -66.66 4.•2 
SUS 24 BUS 26 71.72 6.42 
SUS 64 S mi 21.2.7. -12.31 
SUS 
o 
84 SUS 100 -47.88 -21.32 
Total: -28.00 -22.40 
SUS 26 BUS 54 -71.03 -5.24 
BUS 26 BUS 26 31.71 -24.46 
SUS 26 C 4 -16.33 -13.17 
Total: -64.80 -42.40 
SUS 26 SUS 50 2.43 -21.14 
SUS SS BUS 62 21.06 -12.21 
BUS 88 BUS 84 -66.83 12.26 
SUS 86 SUS 26 -31.46 23.64 
BUS OS BUS 57 -16.77 -16.74 
Total: -42.40 -21.00 
BUS 57 BUS 80 20.42 -36.61 
SUS 17 SUS 28 16.68 14.76 
BUS S7 2 2 -66.76 11.23 
Total: -16.60 -12.80 
BUS 86 BUS 50 -24.22 -66.22 
BUS 26 BUS 100 -56.26 -10.21 
Total: -13.20 -87.20 
BUS 101 SUS 100 13.13 -1.13 
SUS 101 SUS 102 -41.73 -12.17 
Total: -211.60 -21.00 
BUS 102 BUS 22 -26.66 16.04 
BUS 102 SUS 101 42.12 11.12 
BUS 102 1 	1 -46.03 -30.37 
Total: -32.50 -4.20 
IUS 105 BUS 103 -44.16 -10.71 
IUS 102 BUS 104 -41.66 -22.24 
IUS 102 BUS 108 22.38 17.16 
IUS 102 BUS 107 -.72 -14.23 
IUS 106 BUS 106 23.77 4.46 
IUS 106 BUS 106 .00 -11.30 
Total: -40.20 -47.80 
IUS 102 BUS 100 -26.84 -13.60 
WS 106 BUS 106 -22.27 -17.86 
WS 108 SUS 107 -1.22 -16.82 
Total: ., -62.70 -50.40 
US 108 SUS 106 -23.60 -6.71 
US 102 BUS 10 ■ 21.00 4.31 
Total: -2.60 -1.40 
US 106 BUS 104 -20.66 -4.83 
US 102 SUS 110 -41.42 -2.17 
Total: -12.40 -14.00 
US 110 SUS 103 -24.72 -13.27 
US 110 BUS 106 42.01 1.17 
US 110 BUS III -ss.ss -12.11 
us 	lio BUS 112 -22.23 -12.02 
US 110 SUS 110 .00 -5.65 
Total: -20.70 -35.14 
SUS 113 	SUS 17 -17.42 .06 
SUS 113 SUS 32 6.82 6.60 
• 
Total: -7.80 8.08 
BUS 114 	SUS 32 -7.66 -13.83 
SUS 114 SUS 116 -111.41 8.43 
• 
Total: -26.00 -4.20 
SUS 115 	SUS 27 -62.82 -4.37 
SUS Ill SUS 114 16.42 -8.62 
• 
Total: -411.10 -14.00 
+ ■ US 117 	SUS 12 -26.00 -11.20 
Total: -26.00 -11.20 
SUS 116 	SUS 76 -25.47 -5.26 
SUS 118 SUS 76 -14.43 -11.74 
• 
Total: -42.60 -21.00 
• 3 	 A 	1 -41.30 -13.716 
3 A 4 36.16 12.07 
• 
Total: -3.12 -1.88 
• 4 	 A 2 -26.15 -16.16 
• 4 • 3 -37.97 -12.76 
• 4 	 • 6 16.60 7.42 
• 4 A 	12 34.64 16.26 
• 
Total: -6.66 -2.24 
• A 2 -30.32 -16.26 • • 4 -18.66 -7.66 • • 7 24.07 .64 •  Al 1.41 3.60 • A 28 -21.66 16.67 • A $ 20.41 -2.42 • A 10 16.63 3.46 
Total: .00 .00 
A 7 • 6 4.11 -13.06 
A 7  Al -23.71 -2.17 
• 
Total: -26.64 -16.28 
A 	II A 	11 -20.00 -16.02 
• • A 	10 40.41 11.74 
A • A 8 -20.41 3.28 
Total: .00 .00 
A 10 A 	II -40.41 -6.86 
• 10 A 20 12.08 4.32 
• 10 A 	17 6.16 5.17 
• 10 A 	21 18.22 12.10 
• 10 A 22 6.06 1.85 
• 10  Al -16.63 -2.11 
• 10 	 A 	10 .00 -16.27 
Total: -7.54 -2.80 
• 12 • 13 -20.00 -15.76 
• 12 • 14 6.96 4.16 
• 12 A 	15 21.67 10.21 
• 12 A 16 6.23 1.77 
A 	12 • 4 -34.64 -14.84 
Total: -14.66 -10.60 
14 • 12 -8.76 -3.11 
I 	14 A 	II 1.66 1.64 
Total: -8.06 -2.24 
1 	11 • 12 -21.60 -6.46 
1 	16 A 	14 -1.86 -1.63 
1 	16 • 16 7.6 ■ 3.26 
I 	16 • 23 6.07 4.37 
Total: -10.66 -3.60 
19 	 A 	12 -6.14 -6.66 
II • 	17 3.56 3.01 
Total: -4.66 -2.62 
17 	 A 	16 -3.67 -2.02 
17 • 	10 -8.13 -8.10 
Total: -11.70 -A.12 
16 	 • 	IS -7.66 -2.10 
IS • 	16 3.32 1.64 
. 
Total: -4.15 -1.26 
A 12 	 • 	18 -2.31 -1.62 
A 12 A 20 -5.04 -2.14 
• 
Total: -12.32 -4.78 
• 20 	 A IS 2.07 3.00 
• 20 • 10 -11.22 -2.68 
• 
Total: -2.68 -.05 
• 21 	 A 	110 -11.03 -12.71 
• 21 A 22 -3.72 -2.17 
• 
Total: -22.72 -18.58 
A 22 	 A 10 -8.112 -2.68 
A 22 A 21 3.72 2.115 
A 22 	 A 24 6.24 2.70 
• 
Total: .00 .00 
A 23 	 A 	16 -1.02 -4.26 
A 23 A 24 .55 2.04 
• 
Total: -4.15 -2.24 
• 24 	 A 22 -6.20 -2.84 
• 24 A 22 -.56 -2.03 
• 24 	 • 26 -6.26 -.57 
• 24 A 24 .00 -3.86 
• 
Total: -11.31 -5.38 
• 22 	 A 24 6.30 .87 
A 22 • 22 4.52 3.36 
• 22 	 A 27 -2.22 -4.31 
• 
Total: .00 .00 
• 25 	 • 26 -4.66 -3.22 
• 
Total: -4.1111 -2.22 
A 27 	 • 26 10.02 4.26 
A 27 A 21 6.57 2.34 
A 27 	 • 20 7.28 3.02 
A • 27 	 • 28 -22.118 -8.88 
Total: .00 .00 
A 26 	 • 8 21.50 -16.82 
• 28 • 8 1.11 -1.02 
A 26 	 111J5 	42 -21.26 12.54 
• 21 A 27 22.88 12.36 
Total: .00 .00 
• 21 	 • 27 -6.61 -2.23 
• 22 • 30 2.49 .97 
Total: -3.12 -1.26 
• 30 	 • 27 -7.14 -2.84 
• 30 • 28 -2.45 -.64 
Total: -2.22 -3.75 
2 3 	 2 	1 -21.21 -11.13 
2 3 ■ 4 23.05 17.46 
Total: -2.12 -1.56 
4 	 1 2 -11.20 -22.02 
4 1 	3 	' -22.11 -16.40 
4 1 	5 	. 2.26 7.46 
4 	 PUS 21 -10.27 12.23 
4 6 	12 33.66 18.80 
Total: -2.68 -2.24 
2 -21.14 -23.21 
4 -1.21 -7.68 
7 46.21 -4.13 
6 -23.67 1.41 
21 -21.11 26.18 
I) 20.13 -3.23 
10 15.74 3.22 
Total: .00 .01 
2 6 16.111 -18.54 
11 	2 -48.22 3.22 














10 • -40.63 -10.22 
10 20 12.22 4.22 
10 17 6.47 4.110 
10 21 19.13 13.26 
10 22  5.88 9.03 
10 e -18.74 -1.67 
10 10 .00 -10.14 
• 
Total: -7.54 -2.60 
12 a 	12 -20.00 -17.63 
12 ■ 	14 6.76 4.27 
12 ■ 	IS 21.63 10.811 
12 ■ 	16 7.111 8.03 
12 ■ 4 -33.81 -13.66 
• 
Total -14.68 -10.80 
■ 14 ■ 	12 -0.66 -2.110 
■ 14 11 II 1.S ■ 1.71 
• 
Total: -8.0$ -2.24 
8 16 • 12 -21.27 -S.67 
■ 16 8 	14 -1.116 -1.74 
8 16 t 11 7.41 2.28 
8 16 8 23 4.76 4.76 
• 
Total: -10.66 -3.60 
• 11 ■ 	12 -7.62 -5.64 
8 18 ■ 	17 3.27 2.32 
• 
Total: -4.16 -2.62 
8 17 ■ 16 -3.26 -3.26 
8 17 ■ 	10 -6.44 -4.64 
Total: -11.70 -8.12 
• 18 ■ 	16 -7.24 -2.21 
■ it I 16 3.18 1.88 
• 
Total: -4.16 -1.28 
■ 1 ■ II -3.17 -1.03 
■ 16 ■ 20 - o.is -2.63 
• 
Total: -12.21 -4.76 
8 20 ■ 18 6.22 2.8 ■ 
■ 20 8 10 -12.06 -3.87 
• 
Total: -2.88 
8 21 8 10 -16.116 -12.07 
8 21 ■ 22 -2.80 -2.71 
Total: -22.76 -16.68 
■ 22 8 10 -8.111 -1.88 
8 22 4 21 3.81 2.71 
■ 22 8 24 6.10 3.16 
Total: .00 .00 
8 23 8 15 -4.74 -4.16 
■ 22 ■ 24 .56 2.42 
Total: -4.16 -2.24 
■ 24 8 22 -6.06 -3.06 
8 24 ■ 22 	, -.67 -2.40 
8 24 8 26. -6.68 -.00 
■ 24 8 24 .00 -3.81 
Total: -11.31 -6.30 
8 26 8 24 6.76 .20 
1 28 8 28 4.62 3.26 
1 21 ■ 27 -10.37 -3.64 
Total: .00 .00 
I 28 ■ 26 -4.56 -2.22 
Total: -4.86 -3.22 
1 27 ■ 26 10.60 3.60 
1 27 ■ 22 6.67 2.36 
I 27 ■ 20 7.26 3.06 
s 27 o oo •23.44 -9.21 
Total: .00 .00 
• 
B 28 	 8 8 21.43 -28.38 
I 28 0 6 8.16 -8.28 
I 28 	 OUS 22 -88.04 24.117 
O 28 8 27 23.44 11.88 
• 
Total: .00 .00 
9 28 	 6 27 -8.61 -2.23 
11 29 O 20 2.48 .07 
Total: -2.12 -1.26 
II 30 	 9 27 -7.14 -2.84 
II 30 29 -2.48 -.84 
• 
Total: -8.82 -3.78 
C C 	1 -86.48 -11.811 
C 3 	 C 52.37 7.27 
4 
Total: -3.12 -1.111 
C 2 -511.30 -8.11 
C 3 -52.118 -7.47 
4 	 L 41.31 -16.22 
4 BUS OS 15.41 13.01 
C 	12 37.70 17.1111 • 
Total: -11.86 -2.24 
C 2 -66.17 -3.84 
C -411.02 16.47 
C 7 11.28 4.71 
C 30.411 -20.114 
C 28 40.14 .32 
C 20.58 -.BS 
C 	10 16.74 4.04 • 
Total: .00 .00 
C 7 	 C -24.40 -7.88 
C 7 C -5.24 -7.30 
• 
Total: -28.64 -15.28 
C C 	11 -20.00 -13.48 
C C 	10 40.811 11.84 
C C 8 -20.18 1.61 
• 
Total: .00 .00 
C 	10 C -40.66 -8.76 
C 	10 C 20 11.66 4.71 
C 	10 C 	17 7.06 6.07 
C 	10 C 	21 20.28 12.84 
C 	10 C 22 8.74 11.114 
C 	10 C -111.74 -2.85 
C 	10 C 	10 .00 -19.40 
Total: -7.14 -2.80 
C 	12 C 	12 -20.00 -14.70 
C 	12 C 	14 10.33 3.81 
C 	12 C 	15 23.50 2.110 
C 	12 C 	IS 0.22 4.88 
C 	12 C 4 -37.70 -12.78 
Total: -14.88 -10.80 
C C 	12 -10.18 -3.80 
C 	14 C 	15 2.12 1.35 
Total: -8.06 -2.24 
C 	15 C 	12 -22.10 -8.41 
C 	II C 	14 -2.12 -1.32 
C 	16 C 	IS 7.116 2.80 
C 	15 C 23 0.1111 2.44 
Total: -10.86 -3.50 
C 	16 C 	12 -0.22 -4.68 
C 	16 C 	17 4.87 2.111 
Total: -4.58 -2.62 
17 C 	16 -48.85 -2.11 
17 C 	10 -7.05 -8.01 
Total: -11.70 -8.12 
: 	18 C 	IS -7.90 -2.85 : 	16 C 	18 2.74 1.36 
Total: -4.18 -1.211 
IS C 	16 -2.72 -1.28 
1111 C 20 -8.82 -3.40 
Total: -12.35 -4.7S 
• 
C 20 C 	19 6.86 2.48 
C 20 C 	10 -11.51 
• 
Total: -2.68 -.56 
C 21 C 	10 -20.06 -12.22 
C 21 C 22 -2.66 -2.48 
• 
Total: -22.76 -16.66 
C 22 C 	10 -8.86 -6.26 
C 22 C 	21 2.65 2.48 
C 22 C 24 8.116 1.80 
• 
Total: .00 .00 
C 23 C 	IS -6.112 -2.33 
C 22 C 24 2.28 1.011 
• 
Total: -4.18 -2 24 
C 24 C 22 -6.83 -1.80 
C 24 C 27 -2.21 -1.01 
C 24 C 25 -2.03 -2.02 
C 24 C 24 .00 -3.87 
• 
Total: -11.31 -5.35 
C 26 C 24 2.06 2.67 
C 21 C 	21 4.62 3.24 
C 2• C 27 -6.87 -6.02 
• 
Total: .00 .00 
C 28 C 25 -4.66 -3.22 
Total: -4.61 -3.22 
C 27 C 21 8.75 6.1• 
C 27 C 2• 1.87 2.24 
C 27 C 20 7.2• 3.01 
C 27 C 28 -18.69 -11.66 
Total: .00 .00 
C 28 C -28.67 .02 
C 26 C -6.711 -6.11 
C 26 •U5 •2 26.112 -6.46 
C 28 C 27 16.611 13.58 
Total: .00 .00 
C 26 C 27 -5.61 -2.22 
C 29 C 20 2.46 .87 
Total: -3.12 -1.26 
C 20 C 27 -7.14 -2.84 
C 20 C 28 -2.4$ -.64 
Total: -8.62 -3.78 
11 	3 D 	1 -6.67 -11.18 
11 	3 D 5.76 8.61 
Total: -3.12 -1.68 
4 2 -22.71 -11.22 
• 3 -6.73 -10.72 
4 -22.62 -2.77 
4 US • I 10.11 6.28 
4 12 32.08 1•.24 
Total: -6.68 -2.24 
2 ' -16.67 -11.08 
4 23.6• 2.67 
7 -14.32 11.61 
-38.65 -12.18 
26 7.66 7.8• • 22.•1 -1.22 
10 18.66 2.•4 
Total: .00 .00 
7 0 5 -44.08 -1.43 
7 D • 14.42 -12.63 
Total: -28.64 -111.26 
• 0 	11 -20.00 -13.72 
8 o 	10 42.111 11.47 • 0 6 -22.81 2.26 
Total: .00 .00 


























Total: -7.64 -2.60 
12 0 	13 -20.00 -16.40 
12 0 	14 8.61 4.04 
12 D 	II 21.02 8.61 
12 D 	16 6.46 5.48 
12 D 4 -22.04 -13.41 • 
Total: -14.118 -10.60 
D 14 D 	12 -8.46 -3.77 
0 14 0 	15 1.42 1.63 
• 
Total: -8.06 -2.24 
II 12 -74.65 -9.14 
D 15 0 	14 1.42 -1.62 
D 12 18 6.77 3.12 
111 D 23 4.44 4.04 
• 
Total: -10.66 -2.50 
16 0 	12 -6.61 -6.21 
D 16 0 	17 2.24 2.70 
Total: -4.15 -2.62 
D 17 0 	III -2.25 -2.77 
17 11 	10 -4.46 -6.25 
Total: -11.70 -6.12 
0 16 D 16 -8.71 -3.01 
D 14 D 	14 2.66 1.76 
• 
Total: -4.18 -1.28 
D II 0 	16 -2.64 -1.74 
D 16 D 20 -11.61 -3.02 
Total: -12.25 -4.76 
D 20 D 	19 11.84 3.10 
0 20 0 	10 -12.70 -4.06 
Total: -2.68 -.58 
D 21 D 	10 -15.76 -12.42 
0 21 D 22 -3.00 -2.26 
Total: -22.76 -15.118 
D 22 10 -9.42 -6.42 
0 22 D 	21 3.01 2.27 
0 22 D 24 2.42 2.22 
Total: .00 .00 
D 23 0 	16 -4.54 -2.94 
D 23 24 .48 1.72 
Total: -4.16 -2.24 
1 24 D 22 -6.27 -2.14 
1 24 0 22 -.48 -1.71 
1 24 0 	25 -4.46 -1.57 
1 24 0 24 .00 -3.47 
Total: -11.21 -5.34 
25 0 24 4.61 1.74 
25 0 24 " 4.42 3.34 
21 0 27 -8.12 -6.011 
Total: .00 .00 
28 D 21 -3.22 
Total: -4.16 "-371if 
27 0 26 5.24 5.22 
27 O 25 5.47 2.24 
27 0 30 7.28 3.06 
27 D 28 -22.17 -10.71 
Total: .00 .00 
24 0 5 -7.57 -6.01 
28 0 8 -10.77 -5.50 
28 BUS 65 -3.43 1.34 
2$ 0 27 22.17 12.02 


























Total: -1.12 -3.78 
4 I 2 -37.37 -11.46 
4 a 3 47.03 -18.88 
4 2 	/I -125.12 13.86 
4 2 7 33.10 -8.47 
4 2 5 11.33 1.08 
Total: -62.14 -26.00 
5 I 	1 -48.34 -22.40 
8 2 2 -8.62 -21.06 
5 1 4 127.41 -7.82 
5 SUS 80 -144.20 21.03 
5 2 6 $1.13 10.04 
Teta•: -11 	86 -2.24 
I I 6 .00 -26.26 
7 33.29 12.11 
7 2 4 -33.18 12.17 
• 
Total: ,00 .00 
9 7 -33.12 -11.17 
K 10 4.32 2.67 
E 10.86 3.20 
4 -11.33 1.06 
E .00 -16.70 
• 
Total: -36.36 -22.24 
10 11 -4.38 -2.84 
10 K 	11 -7.22 -6.26 
• 
Total: -11.70 -6.12 
2 11 -11.94 -7.85 
2 11 2 	10 7.29 5.44 
• 
Total: -4.66 -2.62 
2 12 I 9 -10.46 -3.86 
I 12 13 2.11 1.45 
Total: -7.03 -2.24 
13 2 	8 -24.14 -11.16 
2 12 2 	12 -2.52 -1.43 
12 14 9.12 4.41 
Total: -17.25 -6.12 
14 -10.42 -2.87 
E 14 2 	13 -0.94 -4.13 
Total: -10.37 -7.00 
System 1 	• 	266.87 	21.87 
Rs1es2,5e7se2: 250.97 	1488.26 
Appendix J 
250 Bus Network 
Contingency AI 
J.1. Bus Oriented Results 
Time for input: 2.93 
Time for compact: 	.26 
Time for factorization: 	.30 
No. 	of iterations: 	5 
Maximum mismatch (in pu): 	3.4E-04 9.2E-04 
Time for solution: .23 
Execution time: 	3.72 
S base 	: 	100. 
Bus 	Vsp 	Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 852.37 -77.50 
BUS 1 .960 .960 -3.35 .00 13.11 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 1.64 50.00 -8.54 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 -1.07 .00 31.45 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 6.42 40.00 93.29 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 13.76 225.00 8.30 -147.00 200.00 .00 .00 
BUS 12 .990 .990 -1.32 85.00 112.29 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 .80 .00 -2.80 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 1.33 .00 9.79 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ .98 .00 -7.78 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 16.76 49.00 -2.28 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 19.41 220.00 74.37 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 20.54 314.00 14.11-1000.00 1000.00 .00 .00 
;US 27 .968 .968 8.52 45.00 -9.45 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 3.97 7.00 41.43 -300.00 300.00 43.00 27.00 
;US 32 .963 .964+ 6.21 .00 -9.73 -14.00 42.00 59.00 23.00 
;US 34 .984 .987+ 3.21 .00 -.78 -8.00 24.00 59.00 26.00 
MS 36 .980 .980 2.82 .00 1.83 -8.00 24.00 31.00 17.00 
.US 40 .970 .970 1.87 -46.00 -36.37 -300.00 300.00 20.00 23.00 
.US 42 .985 .985 3.21 -59.00 30.69 -300.00 300.00 37.00 23.00 
ZS 46 1.080 1.080 13.36 89.00 97.76 -100.00 100.00 28.00 10.00 
US 49 1.025 1.025 15.53 204.00 26.55 -85.00 210.00 87.00 30.00 
US 54 .970 .970 11.14 48.00 -18.38 -300.00 300.00 113.00 52.00 
US 55 .970 .970 10.80 .00 3.53 -8.00 23.00 63.00 22.00 
US 56 .970 .974+ 11.20 .00 -7.19 -8.00 15.00 84.00 38.00 
US 59 .985 .985 11.73 .00 78.63 -60.00 180.00 277.00 113.00 
US 61 .995 .995 17.01 160.00 -8.87 -100.00 300.00 .00 .00 
US 62 .998 .998 16.13 .00 21.60 -20.00 30.00 77.00 24.00 
US 65 1.005 1.005 22.11 391.00 140.85 -67.00 200.00 .00 .00 
US 66 1.050 1.050 20.57 392.00 33.03 -67.00 200.00 39.00 18.00 
US 70 .984 .984+ 22.62 .00 -4.43 -10.00 32.00 66.00 20.00 
US 72 .980 .980 22.79 43.00 -22.46 -100.00 100.00 .00 .00 
JS 73 .991 .991 24.26 37.00 .52 -100.00 100.00 .00 .00 
JS 74 .975 .975 20.18 .00 30.64 -6.00 39.00 68.00 27.00 
JS 76 .970 .970 19.22  .00 40.95 -8.00 80.00 68.00 37.00 
JS 77 1.006 1.007+ 23.71 .00 -20.00 -20.00 70.00 61.00 20.00 
JS 80 1.040 1.040 24.57 223.50 214.39 -165.00 280.00 130.00 56.00 
JS 85 1.020 1.020 28.50 .00 2.92 -8.00 23.00 24.00 15.00 
JS 87 1.015 1.015 27.74 4.00 -22.23 -100.00 1000.00 .00 .00 
IS 89 1.055 1.055 35.34 607.00 113.91 -210.00 300.00 .00 .00 
I5 90 .985 .985 28.91 -85.00 -13.67 -300.00 300.00 78.00 52.00 
TS 91 .985 .985 31.01 20.00 -44.65 -100.00 100.00 .00 .00 
IS 92 1.030 1.033+ 31.70 .00 -2.68 -3.00 20.00 65.00 20.00 
is 99 1.015 1.015 29.36 35.00 -24.39 -100.00 100.00 .00 .00 
IS 100 1.017 1.017 29.50 252.00 58.17 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 27.97 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 25.76 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 25.70 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 28.32 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 27.93 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 23.25 -184.00 99.87-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 10.91 100.00 6.36 -100.00 100.00 .00 .00 
A 2 1.045 1.045- 8.46 80.00 80.00 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 4.75 50.00 34.69 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 2.68 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 4.81 20.00 8.72 -10.00 45.83 .00 .00 
A 13 1.050 1.050 3.23 20.00 4.91 -1'.00 56.57 .00 .00 
B 1 1.050 1.050 3.50 100.00 70.11 -100.00 100.00 .00 .00 
B 2 1.045 1.045 2.97 80.00 42.18 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 -.77 50.00 36.88 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 1.87 20.00 64.88 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 2.31 20.00 7.07 -10.00 45.83 .00 .00 
B 13 1.050 1.050 .26 20.00 4.25 -15.00 56.57 .00 .00 
C 1 1.050 1.050 32.42 100.00 24.35 -100.00 100.00 .00 .00 
C 2 1.045 1.045 31.45 80.00 37.41 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 27.89 50.00 14.94 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 26.12 20.00 42.70 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 27.54 20.00 6.75 -10.00 45.83 .00 .00 
C 13 1.050 1.050 25.81 20.00 3.85 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 13.77 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 15.05 80.00 9.93 -20.00 60.00 21.70 12.70 
D 5 1.010 1.010 17.11 50.00 .46 -15.00 62.45 94.20 39.00 
D 8 1.010 1.010 14.09 20.00 47.91 -15.00 75.00 30.00 30.00 
D 11 1.050 1.050 14.14 20.00 8.38 -10.00 45.83 .00 .00 
D 13 1.050 1.050 11.86 20.00 7.06 -15.00 56.57 .00 .00 
E 1 1.060 1.060 31.47 250.00 83.81 -40.00 90.00 20.00 12.00 
E 2 1.045 1.028- 27.12 40.00 50.00 -40.00 50.00 21.70 12.70 
E 3 .970 .970 20.14 .00 31.92 .00 70.00 94.20 39.00 
E 6 1.040 1.040 19.65 .00 15.97 -6.00 34.00 11.20 7.50 
E 8 1.050 1.050 20.40 .00 15.85 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .973 -2.49 20.00 9.00 
BUS 3 .967 -2.49 50.00 20.00 
BUS 5 1.000 1.80 40.00 18.00 
BUS 7 .987 -1.52 51.00 14.00 
BUS 9 1.040 10.02 .00 .00 
BUS 11 .985 -.78 70.00 23.00 
BUS 13 .968 -1.45 34.00 16.00 
BUS 14 .981 -1.18 14.00 5.00 
BUS 16 .983 -.63 25.00 10.00 
BUS 17 .994 3.32 11.00 3.00 
BUS 20 1.017 2.31 18.00 7.00 
BUS 21 1.001 1.71 44.00 15.00 
BUS 22 .993 3.40 45.00 13.00 
BUS 23 .989 13.18 62.00 28.00 
BUS 28 .960 6.05 17.00 7.00 
BUS 29 .960 4.22 24.00 14.00 
BUS 30 .984 7.97 .00 .00 
BUS 33 .971 1.34 23.00 9.00 
BUS 35 .980 2.84 33.00 19.00 
BUS 37 .992 3.74 .00 .00 
BUS 38 .961 8.41 .00 .00 
BUS 39 .971 1.99 27.00 11.00 
3US 41 .967 1.48 37.00 10.00 
3US 43 .991 3.15 18.00 7.00 
3US 44 1.012 5.54 16.00 8.00 
3US 45 1.020 8.52 83.00 45.00 
tUS 47 1.022 15.63 64.00 30.00 
tUS 48 1.038 13.85 20.00 11.00 
IUS 50 1.007 13.82 17.00 4.00 
aJS 51 .985 12.05 17.00 8.00 
,US 52 .975 11.15 18.00 5.00 
US 53 .962 10.24 23.00 11.00 
US 57 .985 11.93 12.00 -3.00 
US 58 .978 11.41 12.00 3.00 
US 60 .989 16.07 78.00 43.00 
US 63 .967 15.79 .00 .00 
US 64 .982 17.93 .00 .00 
US 67 1.016 16.23 28.00 7.00 
US 68 1.001 23.70 .00 .00 
US 71 .987 23.28 .00 .00 
US 75 .974 21.22 80.00 25.00 
US 78 1.004 23.24 71.00 26.00 
JS 79 1.010 23.22 39.00 32.00 
JS 81 .993 24.05 .00 .00 
JS 82 1.003 25.14 54.00 27.00 
JS 83 1.008 25.92 20.00 10.00 
IS 84 1.012 27.45 11.00  7.00 
IS 86 1.022 27.23 21.00 10.00 
IS 88 1.026 31.60 48.00 25.00 
iS 93 1.015 29.55 12.00 7.00 
TS 94 1.008 28.08 30.00 16.00 
IS 95 1.000 26.88 42.00 31.00 
(S 96 1.006 25.84 38.00 15.00 
(S 97 1.021 25.69 15.00 9.00 
S 98 .990 24.34 64.00 48.00 
S 101 1.020 29.68 22.00 15.00 
BUS 102 1.042 31.01 25.00 3.00 
BUS 105 .965 25.28 31.00 34.00 
BUS 106 .957 24.72 69.00 36.00 
BUS 108 .957 24.97 2.00 1.00 
BUS 109 .954 24.88 48.00 10.00 
BUS 110 .968 26.76 39.00 25.10 
BUS 113 .992 3.55 6.00 -6.40 
BUS 114 .957 6.12 20.00 3.00 
BUS 115 .957 6.23 35.00 10.00 
BUS 117 .974 -2.86 20.00 8.00 
BUS 118 .966 19.83 33.00 15.00 
A 3 1.015 6.08 2.40 1.70 
A 4 1.007 5.12 7.60 1.60 
A 6 1.002 3.89 .00 .00 
A 7 .997 3.61 22.80 10.90 
A 9 1.033 2.61 .00 .00 
A 10 1.031 .75 5.80 2.00 
A 12 1.044 1.76 11.20 7.50 
A 14 1.028 .82 6.20 1.60 
A 15 1.025 .67 8.20 2.50 
A 16 1.031 1.08 3.50 1.80 
A 17 1.026 .67 9.00 5.80 
A 18 1.015 -.01 3.20 .90 
A 19 1.012 -.22 9.50 3.40 
A 20 1.016 -.04 2.20 .70 
A 21 1.019 .29 17.50 11.20 
A 22 1.020 .30 .00 .00 
A 23 1.016 .16 3.20 1.60 
A 24 1.013 -.17 8.70 6.70 
A 25 1.021 -.11 .00 .00 
A 26 1.005 -.59 3.50 2.30 
A 27 1.034 .20 .00 .00 
A 28 .992 3.25 .00 .00 
A 29 1.022 -.40 2.40 .90 
A 30 1.017 -.67 7.40 2.70 
1 3 1.017 1.87 2.40 1.20 
4 1.010 1.61 7.60 1.60 
1 6 1.008 1.50 .00 .00 
7 1.001 .06 22.80 10.90 
1 9 1.037 .12 .00 .00 
1 	10 1.034 -1.78 5.80 2.00 
1 	12 1.045 -1.20 11.20 7.50 
14 1.030 -2.06 6.20 1.60 
1 	15 1.027 -2.16 8.20 2.50 
16 1.033 -1.70 3.50 1.80 
17 1.029 -1.93 9.00 5.80 
18 1.017 -2.73 3.20 .90 
19 1.015 -2.88 9.50 3.40 
20 1.019 -2.66 2.20 .70 
21 1.023 -2.22 17.50 11.20 
22 1.024 -2.20 .00 .00 
23 1.019 -2.47 3.20 1.60 
24 1.017 -2.54 8.70 6.70 
25 1.026 -1.96 .00 .00 
26 1.010 -2.43 3.50 2.30 
27 1.040 -1.33 .00 .00 
28 .995 2.19 .00 .00 
29 1.028 -1.92 2.40 .90 
30 1.023 -2.19 7.40 2.70 
3 1.016 28.32 2.40 1.20 
C 4 1.008 27.51 7.60 1.60 
C 6 1.009 26.71 .00 .00 
C 7 1.001 26.56 22.80 10.90 
C 9 1.037 25.35 .00 .00 
C 10 1.035 23.46 5.80 2.00 
C 12 1.045 24.35 11.20 7.50 
C 14 1.030 23.42 6.20 1.60 
C 15 1.027 23.27 8.20 2.50 
C 16 1.034 23.71 3.50 1.80 
C 17 1.030 23.36 9.00 5.80 
C 18 1.018 22.63 3.20 .90 
C 19 1.015 22.44 9.50 3.40 
C 20 1.019 22.64 2.20 .70 
C 21 1.024 22.98 17.50 11.20 
C 22 1.025 22.99 .00 .00 
C 23 1.020 22.78 3.20 1.60 
C 24 1.018 22.47 8.70 6.70 
C 25 1.029 22.45 .00 .00 
C 26 1.013 21.98 3.50 2.30 
C 27 1.044 22.71 .00 .00 
C 28 1.003 25.70 .00 .00 
C 29 1.031 22.12 2.40 .90 
C 30 1.026 21.85 7.40 2.70 
D 3 1.003 13.18 2.40 1.20 
D 4 1.000 13.13 7.60 1.60 
D 6 1.003 13.48 .00 .00 
D 7 .997 14.24 22.80 10.90 
D 9 1.034 11.94 .00 .00 
D 10 1.032 9.95 5.80 2.00 
D 12 1.041 10.39 11.20 7.50 
D 14 1.026 9.53 6.20 1.60 
D 15 1.023 9.44 8.20 2.50 
D 16 1.030 9.94 3.50 1.80 
D 17 1.026 9.78 9.00 5.80 
D 18 1.014 8.90 3.20 .90 
D 19 1.012 8.78 9.50 3.40 
D 20 1.016 9.02 2.20 .70 
D 21 1.020 9.48 17.50 11.20 
D 22 1.021 9.48 .00 .00 
D 23 1.016 9.09 3.20 1.60 
D 24 1.014 8.99 8.70 6.70 
D 25 1.024 9.27 .00 .00 
D 26 1.009 8.79 3.50 2.30 
D 27 1.039 9.71 .00 .00 
D 28 .997 12.98 .00 .00 
3 29 1.027 9.11 2.40 .90 
3 30 1.022 8.84 7.40 2.70 
4 .982 23.55 47.80 20.00 
5 .990 25.65 7.60 1.60 
1: 	7 1.023 20.40 .00 .00 
9 1.018 18.76 29.50 16.60 
10 1.014 18.62 9.00 5.80 
: 	11 1.023 19.00 3.50 1.80 
12 1.024 18.73 6.10 1.60 
: 	13 1.019 18.64 13.50 5.80 
14 1.000 17.64 14.90 5.00 
ower Generated: 5644.87 2067.11 
'ower Demanded: 5468.80 2575.10 
irstem Losses: 176.07 -507.99 
Appendix K 
250 Bus Network 
Contingency All 
K.1 Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	1.1E-04 1.2E-04 
:20 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 204.12 -40.26 
BUS 1 ..960 .960 20.61 .00 12.90 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 26.25 50.00 -12.96 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 23.06 .00 31.74 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 32.13 40.00 156.91 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 47.03 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 22.23 85.00 113.04 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 20.30 .00 -2.74 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 20.54 .00 10.72 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 19.50 .00 -4.81 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 23.08 49.00 31.29 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 45.47 220.00 23.05 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 45.29 314.00 29.37-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 26.59 45.00 12.54 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 21.49 7.00 40.98 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 21.91 .00 5.59 -14.00 42.00 59.00 23.00 
3US 34 .984 .987+ 19.13 .00 -5.20 -8.00 24.00 59.00 26.00 
3US 36 .980 .980 18.75 .00 1.05 -8.00 24.00 31.00 17.00 
3US 40 .970 .970 15.33 -46.00 -34.21 -300.00 300.00 20.00 23.00 
3US 42 .985 .985 15.42 -59.00 26.48 -300.00 300.00 37.00 23.00 
3US 46 1.080 1.080 23.24 89.00 91.09 -100.00 100.00 28.00 10.00 
$US 49 1.025 1.025 25.30 204.00 -.78 -85.00 210.00 87.00 30.00 
VS 54 .970 .970 22.37 48.00 -19.92 -300.00 300.00 113.00 52.00 
,US 55 .970 .970 22.15 .00 2.91 -8.00 23.00 63.00 22.00 
US 56 .970 .974+ 22.47 .00 -8.00 -8.00 15.00 84.00 38.00 
US 59 .985 .985 24.49 155.00 42.53 -60.00 180.00 277.00 113.00 
US 61 .995 .995 27.93 160.00 -13.96 -100.00 300.00 .00 .00 
US 62 .998 .998 26.90 .00 20.71 -20.00 30.00 77.00 24.00 
US 65 1.005 1.005 31.03 391.00 101.83 -67.00 200.00 .00 .00 
US 66 1.050 1.050 30.22 392.00 38.79 -67.00 200.00 39.00 18.00 
US 70 .984 .984+ 25.46 .00 -9.31 -10.00 32.00 66.00 20.00 
US 72 .980 .980 27.47 43.00 -23.64 -100.00 100.00 .00 .00 
US 73 .991 .991 27.40 37.00 .62 -100.00 100.00 .00 .00 
US 74 .975 .975 23.38 .00 28.08 -6.00 39.00 68.00 27.00 
JS 76 .970 .970 24.03 .00 42.28 -8.00 80.00 68.00 37.00 
JS 77 1.006 1.006+ 30.67 .00 -18.31 -20.00 70.00 61.00 20.00 
JS 80 1.040 1.040 33.75 477.00 172.82 -165.00 280.00 130.00 56.00 
JS 85 1.020 1.020 36.82 .00 3.03 -8.00 23.00 24.00 15.00 
TS 87 1.015 1.015 36.06 4.00 -22.23 -100.00 1000.00 .00 .00 
TS 89 1.055 1.055 43.79 607.00 114.17 -210.00 300.00 .00 .00 
JS 90 .985 .985 37.42 -85.00 -13.92 -300.00 300.00 78.00 52.00 
TS 91 .985 .985 39.51 20.00 -44.66 -100.00 100.00 .00 .00 
TS 92 1.030 1.033+ 40.19 .00 -3.00 -3.00 20.00 65.00 20.00 
IS 99 1.015 1.015 38.18 35.00 -24.66 -100.00 100.00 .00 .00 
fS 100 1.017 1.017 38.18 252.00 57.43 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 36.65 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 34.44 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 34.38 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 37.00 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 36.61 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.81 -184.00 105.64-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 22.22 100.00 3.91 -100.00 100.00 .00 .00 
A 2 1.045 1.045 19.98 80.00 77.13 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 16.65 50.00 32.32 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 15.47 20.00 84.74 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 17.06 20.00 8.46 -10.00 45.83 .00 .00 
A 13 1.050 1.050 15.36 20.00 4.70 -15.00 56.57 .00 .00 
B 1 1.050 1.050 18.53 100.00 70.24 -100.00 100.00 .00 .00 
B 2 1.045 1.045 17.64 80.00 43.46 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 13.66 50.00 36.91 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 15.53 20.00 68.46 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 16.50 20.00 7.20 -10.00 45.83 .00 .00 
B 13 1.050 1.050 14.52 20.00 4.37 -15.00 56.57 .00 .00 
C 1 1.050 1.050 40.85 100.00 24.36 -100.00 100.00 .00 .00 
C 2 1.045 1.045 39.83 80.00 37.74 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 36.21 50.00 14.98 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 34.33 20.00 43.12 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 35.81 20.00 6.78 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.12 20.00 3.82 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 24.83 100.00 99.99 -100.00 100.00 .00 .00 
D 2 1.020 1.020 25.90 80.00 9.61 -20.00 60.00 21.70 12.70 
D 5 1.010 1.010 27.25 50.00 -1.22 -15.00 62.45 94.20 39.00 
3 8 1.010 1.010 24.82 20.00 46.69 -15.00 75.00 30.00 30.00 
) 11 1.050 •.050 24.99 20.00 8.35 -10.00 45.83 .00 .00 
) 13 1.050 1.050 22.71 20.00 7.02 -15.00 56.57 .00 .00 
1 1.060 1.060 40.07 250.00 83.58 -40.00 90.00 20.00 12.00 
: 2 1.045 1.028- 35.76 40.00 49.98 -40.00 50.00 21.70 12.70 
3 .970 .970 28.76 .00 31.82 .00 70.00 94.20 39.00 
: 6 1.040 1.040 28.23 .00 15.95 -6.00 34.00 11.20 7.50 
8 1.050 1.050 28.98 .00 15.83 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .973 21.21 20.00 9.00 
BUS 3 .967 21.59 50.00 20.00 
BUS 5 1.001 26.50 40.00 18.00 
BUS 7 .987 22.39 51.00 14.00 
BUS 9 1.034 39.49 .00 .00 
BUS 11 .985 23.01 70.00 23.00 
BUS 13 .968 21.36 34.00 16.00 
BUS 14 .981 21.31 14.00 5.00 
BUS 16 .984 21.76 25.00 10.00 
BUS 17 .994 23.21 11.00 3.00 
BUS 20 1.017 17.79 18.00 7.00 
BUS 21 1.000 15.88 44.00 15.00 
BUS 22 .991 15.88 45.00 13.00 
BUS 23 .971 20.55 62.00 28.00 
BUS 28 .960 23.89 17.00 7.00 
BUS 29 .960 21.82 24.00 14.00 
BUS 30 .980 29.32 .00 .00 
BUS 33 .972 19.14 23.00 9.00 
BUS 35 .980 18.76 33.00 19.00 
BUS 37 .993 19.66 .00 .00 
BUS 38 .962 24.84 .00 .00 
BUS 39 .971 16.37 27.00 11.00 
BUS 41 .967 14.61 37.00 10.00 
BUS 43 .991 17.42 18.00 7.00 
BUS 44 1.013 17.43 16.00 8.00 
BUS 45 1.022 19.56 83.00 45.00 
BUS 47 1.026 24.18 64.00 30.00 
BUS 48 1.039 23.92 20.00 11.00 
BUS 50 1.007 23.94 17.00 4.00 
BUS 51 .986 22.70 17.00 8.00 
BUS 52 .975 21.89 18.00 5.00 
BUS 53 .962 21.27 23.00 11.00 
BUS 57 .985 22.70 12.00 3.00 
BUS 58 .979 22.32 12.00 3.00 
3US 60 .989 27.10 78.00 43.00 
BUS 63 .970 27.10 .00 .00 
BUS 64 .984 28.45 .00 .00 
BUS 67 1.016 26.63 28.00 7.00 
►US 68 1.001 30.26 .00 .00 
oUS 71 .987 26.42 .00 .00 
oUS 75 .975 24.51 80.00 25.00 
,US 78 1.004 30.47 71.00 26.00 
US 79 1.009 30.96 39.00 32.00 
US 81 .993 31.61 .00 .00 
US 82 1.003 33.21 54.00 27.00 
US 83 1.008 34.09 20.00 10.00 
US 84 1.012 35.71 11.00 "7.00 
US 86 1.022 35.54 21.00 10.00 
US 88 1.026 40.00 48.00 25.00 
US 93 1.015 38.07 12.00 7.00 
US 94 1.008 36.61 30.00 16.00 
US 95 1.000 35.35 42.00 31.00 
US 96 1.006 34.32 38.00 15.00 
JS 97 1.021 34.44 15.00 9.00 
JS 98 .990 33.34 64.00 48.00 
JS 101 1.020 38.30 22.00 15.00 
BUS 102 1.042 39.57 25.00 3.00 
BUS 105 .965 33.96 31.00 34.00 
BUS 106 .957 33.40 69.00 36.00 
BUS 108 .957 33.65 2.00 1.00 
BUS 109 .954 33.56 48.00 10.00 
BUS 110 .968 35.44 39.00 25.10 
BUS 113 .992 22.92 6.00 -6.40 
BUS 114 .957 22.81 20.00 3.00 
BUS 115 .956 23.09 35.00 10.00 
BUS 117 .974 20.69 20.00 8.00 
BUS 118 .966 23.84 33.00 15.00 
A 3 1.016 17.99 2.40 1.20 
A 4 1.008 17.15 7.60 1.60 
A 6 1.003 16.18 .00 .00 
A 7 .998 15.76 22.80 10.90 
A 9 1.034 14.86 .00 .00 
A 10 1.031 12.99 5.80 2.00 
A 12 1.044 13.90 11.20 7.50 
A 14 1.029 12.98 6.20 1.60 
A 15 1.025 12.83 8.20 2.50 
A 16 1.032 13.25 3.50 1.80 
A 17 1.026 12.88 9.00 5.80 
A 18 1.015 12.17 3.20 .90 
A 19 1.012 11.98 9.50 3.40 
A 20 1.016 12.17 2.20 .70 
A 21 1.020 12.52 17.50 11.20 
A 22 1.021 12.53 .00 .00 
A 23 1.017 12.35 3.20 1.60 
A 24 1.013 12.06 8.70 6.70 
A 25 1.021 12.16 .00 .00 
A 26 1.006 11.68 3.50 2.30 
A 27 1.035 12.49 .00 .00 
A 28 .992 15.57 .00 .00 
A 29 1.023 11.89 2.40 .90 
A 30 1.017 11.62 7.40 2.70 
B 3 1.017 16.31 2.40 1.20 
B 4 1.009 15.92 7.60 1.60 
B 6 1.008 15.65 .00 .00 
B 7 1.001 14.31 22.80 10.90 
B 9 1.036 14.31 .00 .00 
B 10 1.034 12.43 5.80 2.00 
B 12 1.045 13.06 11.20 7.50 
B 14 1.029 12.19 6.20 1.60 
B 15 1.027 12.10 8.20 2.50 
B 16 1.033 12.53 3.50 1.80 
B 	17 1.029 12.28 9.00 5.80 
B 18 1.017 11.50 3.20 .90 
11 	19 1.014 11.34 9.50 3.40 
3 20 1.018 11.56 2.20 .70 
3 21 1.022 12.00 17.50 11.20 
1 22 1.023 12.02 .00 .00 
1 23 1.018 11.78 3.20 1.60 
3 24 1.016 11.70 8.70 6.70 
3 25 1.026 12.34 .00 .00 
i 26 1.010 11.86 3.50 2.30 
1 27 1.040 12.99 .00 .00 
1 28 .994 16.55 .00 .00 
1 29 1.028 12.40 2.40 .90 
30 1.023 12.13 7.40 2.70 
3 1.016 36.68 2.40 1.20 
C 4 1.008 35.87 7.60 1.60 
C 6 1.009 34.98 .00 .00 
C 7 1.001 34.84 22.80 10.90 
C 9 1.037 33.63 .00 .00 
C 10 1.035 31.74 5.80 2.00 
C 12 1.045 32.66 11.20 7.50 
C 14 1.030 31.73 6.20 1.60 
C 15 1.027 31.58 8.20 2.50 
C 16 1.034 32.01 3.50 1.80 
C 17 1.030 31.64 9.00 5.80 
C 18 1.018 30.92 3.20 .90 
C 19 1.015 30.73 9.50 3.40 
C 20 1.019 30.93 2.20 .70 
C 21 1.024 31.26 17.50 11.20 
C 22 1.025 31.27 .00 .00 
C 23 1.020 31.07 3.20 1.60 
C 24 1.018 30.74 8.70 6.70 
C 25 1.028 30.68 .00 .00 
C 26 1.013 30.20 3.50 2.30 
C 27 1.043 30.91 .00 .00 
C 28 1.003 33.86 .00 .00 
C 29 1.031 30.32 2.40 .90 
C 30 1.026 30.05 7.40 2.70 
D 3 1.004 24.05 2.40 1.20 
D 4 1.000 23.96 7.60 1.60 
D 6 1.003 24.31 .00 .00 
D 7 .998 24.81 22.80 10.90 
D 9 1.034 22.79 .00 .00 
D 10 1.032 20.81 5.80 2.00 
D 12 1.041 21.24 11.20 7.50 
D 14 1.026 20.39 6.20 1.60 
D 15 1.023 20.30 8.20 2.50 
D 16 1.030 20.80 3.50 1.80 
D 17 1.026 20.64 9.00 5.80 
D 18 1.014 19.77 3.20 .90 
D 19 1.012 19.65 9.50 3.40 
D 20 1.016 19.88 2.20 .70 
D 21 1.020 20.35 17.50 11.20 
D 22 1.021 20.36 .00 .00 
D 23 1.016 19.98 3.20 1.60 
D 24 1.014 19.90 8.70 6.70 
) 25 1.025 20.27 .00 .00 
) 26 1.009 19.79 3.50 2.30 
) 27 1.040 20.76 .00 .00 
) 28 .997 24.12 .00 .00 
) 29 1.028 20.17 2.40 .90 
) 30 1.022 19.90 7.40 2.70 
4 .982 32.14 47.80 20.00 
5 .990 34.23 7.60 1.60 
: 	7 1.023 28.98 .00 .00 
: 9 1.018 27.35 29.50 16.60 
: 	10 1.014 27.20 9.00 - 5.80 
: 	11 1.023 27.58 3.50 - 1.80 
12 1.024 27.31 6.10 1.60 
13 1.019 27.23 13.50 5.80 
14 1.000 26.22 14.90 5.00 
ower Generated: 5630.12 2060.61 
'ower Demanded: 5468.80 2575.10 
letem Losses: 161.32 -514.49 
Appendix L 
250 Bus Network 
Contingency AIII 
L.1. Bus Oriended Results 
Time for input: 
Time for compact: 
No. 	of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 	100. 
Bus 










Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 202.61 -36.71 
BUS 1 .960 .960 18.29 .00 12.92 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 23.82 50.00 -12.39 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 20.71 .00 31.66 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 29.52 40.00 144.85 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 44.43 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 19.97 85.00 112.26 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 18.77 .00 -5.46 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 19.10 .00 8.47 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 18.43 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 29.67 49.00 -10.32 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 35.72 220.00 70.80 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 37.45 314.00 10.31-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 25.02 45.00 -9.98 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 20.93 7.00 40.49 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 22.65 .00 -13.99 -14.00 42.00 59.00 23.00 
BUS 34 .984 .987+ 17.60 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 17.21 .00 .68 -8.00 24.00 31.00 17.00 
MS 40 .970 .970 14.13 -46.00 -35.26 -300.00 300.00 20.00 23.00 
MS 42 .985 .985 14.40 -59.00 26.93 -300.00 300.00 37.00 23.00 
►US 46 1.080 1.080 22.51 89.00 91.59 -100.00 100.00 28.00 10.00 
IUS 49 1.025 1.025 24.63 204.00 1.01 -85.00 210.00 87.00 30.00 
,US 54 .970 .970 21.73 48.00 -19.94 -300.00 300.00 113.00 52.00 
US 55 .970 .970 21.51 .00 2.91 -8.00 23.00 63.00 22.00 
US 56 .970 .974+ 21.83 .00 -8.00 -8.00 15.00 84.00 38.00 
US 59 .985 .985 23.87 155.00 42.51 -60.00 180.00 277.00 113.00 
US 61 .995 .995 27.32 160.00 -13.97 -100.00 300.00 .00 .00 
US 62 .998 .998 26.28 .00 20.71 -20.00 30.00 77.00 24.00 
US 65 1.005 1.005 30.43 391.00 101.61 -67.00 200.00 .00 .00 
US 66 1.050 1.050 29.59 392.00 38.64 -67.00 200.00 39.00 18.00 
US 70 .984 .984+ 27.04 .00 -10.00 -10.00 32.00 66.00 20.00 
US 72 .980 .980 31.67 43.00 -23.87 -100.00 100.00 .00 .00 
US 73 .991 .991 29.40 37.00 1.09 -100.00 100.00 .00 .00 
US 74 .975 .975 24.26 .00 27.62 -6.00 39.00 68.00 27.00 
JS 76 .970 .970 24.41 .00 41.49 -8.00 80.00 68.00 37.00 
JS 77 1.006 1.006+ 30.62 .00 -19.15 -20.00 70.00 61.00 20.00 
JS 80 1.040 1.040 33.45 477.00 173.84 -165.00 280.00 130.00 56.00 
JS 85 1.020 1.020 39.33 .00 6.14 -8.00 23.00 24.00 15.00 
IS 87 1.015 1.015 38.58 4.00 -22.23 -100.00 1000.00 .00 .00 
JS 89 1.055 1.055 48.99 607.00 71.43 -210.00 300.00 .00 .00 
JS 90 .985 .985 39.66 -85.00 -3.94 -300.00 300.00 78.00 52.00 
JS 91 .985 .985 39.57 20.00 -36.89 -100.00 100.00 .00 .00 
IS 92 1.030 1.022- 37.24 .00 20.00 -3.00 20.00 65.00 20.00 
IS 99 1.015 1.015 37.14 35.00 -25.11 -100.00 100.00 .00 .00 
IS 100 1.017 1.017 36.84 252.00 66.12 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 35.31 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 33.10 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 33.04 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 35.66 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.27 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.42 -184.00 104.24-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 21.32 100.00 4.11 -100.00 100.00 .00 .00 
A 2 1.045 1.045 19.05 80.00 77.67 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 15.67 50.00 32.51 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 14.36 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 16.03 20.00 8.48 -10.00 45.83 .00 .00 
A 13 1.050 1.050 14.35 20.00 4.71 -15.0., 56.57 .00 .00 
B 1 1.050 1.050 20.11 100.00 69.35 -100.00 100.00 .00 .00 
B 2 1.045 1.045 19.48 80.00 42.28 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 15.68 50.00 36.83 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 18.15 20.00 63.10 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 18.69 20.00 7.06 -10.00 45.83 .00 .00 
B 13 1.050 1.050 16.67 20.00 4.20 -15.00 56.57 .00 .00 
C 1 1.050 1.050 39.97 100.00 42.95 -100.00 100.00 .00 .00 
C 2 1.045 1.045 40.53 80.00 39.76 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 38.11 50.00 16.04 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 34.92 20.00 46.25 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 36.18 20.00 6.85 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.29 20.00 4.15 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 24.19 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 25.26 80.00 9.60 -20.00 60.00 21.70 12.70 
) 5 1.010 1.010 26.62 50.00 -1.21 -15.00 62.45 94.20 39.00 
) 8 1.010 1.010 24.19 20.00 46.69 -15.00 75.00 30.00 30.00 
) 11 1.050 1.050 24.35 20.00 8.35 -10.00 45.83 .00 .00 
) 13 1.050 1.050 22.08 20.00 7.02 -15.00 56.57 .00 .00 
: 	1 1.060 1.059- 38.99 250.00 90.00 -40.00 90.00 20.00 12.00 
2 1.045 1.028- 35.37 40.00 49.96 -40.00 50.00 21.70 12.70 
3 .970 .970 28.75 .00 32.34 .00 70.00 94.20 39.00 
: 6 1.040 1.040 28.78 .00 16.23 -6.00 34.00 11.20 7.50 
8 1.050 1.050 29.40 .00 15.99 -6.00 34.00 .00 .00 
Bus 	 Voltage 	 Load 
BUS 2 .973 18.93 20.00 9.00 
BUS 3 .967 19.25 50.00 20.00 
BUS 5 1.001 24.06 40.00 18.00 
BUS 7 .987 20.07 51.00 14.00 
BUS 9 1.034 36.88 .00 .00 
BUS 11 .985 20.71 70.00 23.00 
BUS 13 .968 19.24 34.00 16.00 
BUS 14 .981 19.24 14.00 5.00 
BUS 16 .984 19.64 25.00 10.00 
BUS 17 .995 21.38 11.00 3.00 
BUS 20 1.017 19.03 18.00 7.00 
BUS 21 1.002 18.12 44.00 15.00 
BUS 22 .995 19.43 45.00 13.00 
BUS 23 .991 28.06 62.00 28.00 
BUS 28 .960 22.73 17.00 7.00 
BUS 29 .960 21.10 24.00 14.00 
BUS 30 .985 26.38 .00 .00 
BUS 33 .972 17.60 23.00 9.00 
BUS 35 .980 17.22 33.00 19.00 
BUS 37 .993 18.10 .00 .00 
BUS 38 .964 23.02 .00 .00 
BUS 39 .971 15.03 27.00 11.00 
BUS 41 .967 13.46 37.00 10.00 
BUS 43 .991 16.11 18.00 7.00 
BUS 44 1.013 16.45 16.00 8.00 
BUS 45 1.022 18.69 83.00 45.00 
BUS 47 1.026 23.58 64.00 30.00 
BUS 48 1.039 23.20 20.00 11.00 
BUS 50 1.007 23.28 17.00 4.00 
BUS 51 .986 22.05 17.00 8.00 
BUS 52 .975 21.25 18.00 5.00 
BUS 53 .962 20.62 23.00 11.00 
BUS 57 .985 22.05 12.00 3.00 
BUS 58 .979 21.67 12.00 3.00 
BUS 60 .989 26.48 78.00 43.00 
BUS 63 .970 26.49 .00 .00 
BUS 64 .984 27.84 .00 .00 
BUS 67 1.016 26.00 28.00 7.00 
BUS 68 1.001 29.87 .00 .00 
BUS 71 .987 28.42 .00 .00 
BUS 75 .975 25.17 80.00 25.00 
BUS 78 1.004 30.39 71.00 26.00 
IUS 79 1.009 30.83 39.00 32.00 
IUS 81 .993 31.25 .00 .00 
IUS 82 1.003 33.49 54.00 27.00 
IUS 83 1.007 34.92 20.00 10.00 
IUS 84 1.011 37.68 11.00 - 7.00 
IUS 86 1.022 38.06 21.00 10.00 
IUS 88 1.024 44.12 48.00 25.00 
IUS 93 1.010 36.01 12.00 7.00 
IUS 94 1.005 35.37 30.00 16.00 
IUS 95 .999 34.73 42.00 31.00 
IUS 96 1.005 33.92 38.00 15.00 
iUS 97 1.021 34.08 15.00 9.00 
IUS 98 .991 32.66 64.00 48.00 
►IUS 	101 1.018 36.70 22.00 15.00 
BUS 102 1.037 37.76 25.00 3.00 
BUS 105 .965 32.62 31.00 34.00 
BUS 106 .957 32.06 69.00 36.00 
BUS 108 .957 32.31 2.00 1.00 
BUS 109 .954 32.22 48.00 10.00 
BUS 110 .968 34.10 39.00 25.10 
BUS 113 .993 21.41 6.00 -6.40 
BUS 114 .957 22.58 20.00 3.00 
BUS 115 .957 22.69 35.00 10.00 
BUS 117 .974 18.43 20.00 8.00 
BUS 118 .966 24.36 33.00 15.00 
A 3 1.016 17.00 2.40 1.20 
A 4 1.008 16.15 7.60 1.60 
A 6 1.003 15.15 .00 .00 
A 7 .998 14.74 22.80 10.90 
A 9 1.034 13.83 .00 .00 
A 10 1.031 11.96 5.80 2.00 
A 12 1.044 12.89 11.20 7.50 
A 14 1.029 11.96 6.20 1.60 
A 15 1.025 11.81 8.20 2.50 
A 16 1.032 12.23 3.50 1.80 
A 17 1.026 11.86 9.00 5.80 
A 18 1.015 11.15 3.20 .90 
A 19 1.012 10.95 9.50 3.40 
A 20 1.016 11.15 2.20 .70 
A 21 1.020 11.49 17.50 11.20 
A 22 1.021 11.50 .00 .00 
A 23 1.017 11.33 3.20 1.60 
A 24 1.013 11.03 8.70 6.70 
A 25 1.021 11.13 .00 .00 
A 26 1.005 10.65 3.50 2.30 
A 27 1.035 11.46 .00 .00 
A 28 .992 14.53 .00 .00 
A 29 1.022 10.85 2.40 .90 
A 30 1.017 10.58 7.40 2.70 
B 3 1.017 18.33 2.40 1.20 
B 4 1.010 18.04 7.60 1.60 
B 6 1.008 17.88 .00 .00 
B 7 1.001 16.46 22.80 10.90 
B 9 1.037 16.50 .00 .00 
B 10 1.034 14.61 5.80 2.00 
B 12 1.045 15.20 11.20 7.50 
B 14 1.030 14.34 6.20 1.60 
B 15 1.027 14.24 8.20 2.50 
B 16 1.033 14.69 3.50 1.80 
B 17 1.029 14.46 9.00 5.80 
B 18 1.017 13.66 3.20 .90 
B 19 1.015 13.51 9.50 3.40 
B 20 1.019 13.73 2.20 .70 
B 21 1.023 14.17 17.50 11.20 
B 22 1.024 14.19 .00 - 	.00 
B 23 1.019 13.92 3.20 1.60 
B 24 1.017 13.85 8.70 6.70 
B 25 1.026 14.43 .00 .00 
B 26 1.010 13.95 3.50 2.30 
B 27 1.040 15.05 .00 .00 
B 28 .995 18.56 .00 .00 
B 29 1.028 14.45 2.40 .90 
B 30 1.023 14.19 7.40 2.70 
C 3 1.016 36.54 2.40 1.20 
C 4 1.008 35.89 7.60 1.60 
C 6 1.008 35.41 .00 .00 
C 7 1.001 35.82 22.80 10.90 
C 9 1.037 33.99 .00 .00 
C 10 1.035 32.06 5.80 2.00 
C 12 1.045 32.83 11.20 7.50 
C 14 1.030 31.92 6.20 1.60 
C 15 1.027 31.79 8.20 2.50 
C 16 1.034 32.25 3.50 1.80 
C 17 1.030 31.94 9.00 5.80 
C 18 1.018 31.17 3.20 .90 
C 19 1.015 31.01 9.50 3.40 
C 20 1.019 31.21 2.20 .70 
C 21 1.024 31.58 17.50 11.20 
C 22 1.025 31.58 .00 .00 
C 23 1.019 31.31 3.20 1.60 
C 24 1.018 31.04 8.70 6.70 
C 25 1.028 31.01 .00 .00 
C 26 1.012 30.53 3.50 2.30 
C 27 1.043 31.26 .00 .00 
C 28 1.003 34.23 .00 .00 
C 29 1.031 30.66 2.40 .90 
C 30 1.026 30.40 7.40 2.70 
D 3 1.004 23.41 2.40 1.20 
D 4 1.000 23.32 7.60 1.60 
D 6 1.003 23.68 .00 .00 
D 7 .998 24.18 22.80 10.90 
D 9 1.034 22.16 .00 .00 
D 10 1.032 20.18 5.80 2.00 
D 12 1.041 20.61 11.20 7.50 
D 14 1.026 19.75 6.20 1.60 
D 15 1.023 19.66 8.20 2.50 
D 16 1.030 20.17 3.50 1.80 
D 17 1.026 20.00 9.00 5.80 
D 18 1.014 19.13 3.20 .90 
D 19 1.012 19.01 9.50 3.40 
D 20 1.016 19.24 2.20 .70 
D 21 1.020 19.71 17.50 11.20 
D 22 1.021 19.72 .00 .00 
D 23 1.016 19.34 3.20 1.60 
D 24 1.014 19.26 8.70 6.70 
D 25 1.025 19.63 .00 .00 
D 26 1.009 19.16 3.50 2.30 
D 27 1.040 20.13 .00 .00 
D 28 .997 23.49 .00 .00 
D 29 1.028 19.54 2.40 .90 
D 30 1.022 19.27 7.40 2.70 
E 4 .982 32.51 47.80 20.00 
E 5 .989 34.87 7.60 1.60 
E 7 1.023 29.40 .00 .00 
E 9 1.018 27.79 29.50 16.60 
E 10 1.014 27.66 9.00 5.80 
E 11 1.023 28.09 3.50 1.80 
E 12 1.024 27.86 6.10 1.60 
E 13 1.019 27.76 13.50 5.80 
E 14 .999 26.71 14.90 5.00 
Power Generated: 5628.61 2018.63 
Power Demanded: 5468.80 2575.10 
System Losses: 159.81 -556.47 
Appendix M 
250 Bus Network 
M.l. Bus Oriented Results 
Time for input: 
Time for compact: 
No. 	of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	2.2E-04 9.0E-04 
.31 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 210.58 -38.16 
BUS 1 .960 .960 18.25 .00 12.92 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 23.78 50.00 -12.39 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 20.67 .00 31.66 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 29.48 40.00 144.85 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 44.39 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 19.93 85.00 112.26 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 18.73 .00 -5.46 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 19.06 .00 8.47 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 18.39 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 29.63 49.00 -10.32 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 35.68 220.00 70.80 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 37.40 314.00 10.30-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 24.97 45.00 -9.98 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 20.89 7.00 40.49 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 22.61 .00 -13.99 -14.00 42.00 59.00 23.00 
BUS 34 .984 .987+ 17.57 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 17.17 .00 .67 -8.00 24.00 31.00 17.00 
BUS 40 .970 .970 14.10 -46.00 -35.26 -300.00 300.00 20.00 23.00 
BUS 42 .985 .985 14.36 -59.00 26.93 -300.00 300.00 37.00 23.00 
BUS 46 1.080 1.080 22.48 89.00 91.60 -100.00 100.00 28.00 10.00 
BUS 49 	- 1.025 1.025 24.59 204.00 1.05 -85.00 210.00 87.00 30.00 
BUS 54 .970 .970 21.69 48.00 -19.94 -300.00 300.00 113.00 52.00 
BUS 55 .970 .970 21.47 .00 2.91 -8.00 23.00 63.00 22.00 
BUS 56 .970 .974+ 21.79 .00 -8.00 -8.00 15.00 84.00 38.00 
BUS 59 .985 .985 23.83 155.00 42.51 -60.00 180.00 277.00 113.00 
BUS 61 .995 .995 27.28 160.00 -13.97 -100.00 300.00 .00 .00 
BUS 62 .998 .998 26.24 .00 20.71 -20.00 30.00 77.00 24.00 
BUS 65 1.005 1.005 30.39 391.00 101.54 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 29.55 392.00 38.65 -67.00 200.00 39.00 18.00 
BUS 70 .984 .984+ 26.99 .00 -9.95 -10.00 32.00 66.00 20.00 
BUS 72 .980 .980 31.63 43.00 -23.87 -100.00 100.00 .00 .00 
BUS 73 .991 .991 29.35 37.00 1.09 -100.00 100.00 .00 .00 
BUS 74 .975 .975 24.18 .00 27.68 -6.00 39.00 68.00 27.00 
BUS 76 .970 .970 24.27 .00 41.49 -8.00 80.00 68.00 37.00 
BUS 77 1.006 1.006+ 30.41 .00 -19.96 -20.00 70.00 61.00 20.00 
BUS 80 1.040 1.040 33.32 477.00 174.50 -165.00 280.00 130.00 56.00 
BUS 85 1.020 1.011- 36.26 .00 23.00 -8.00 23.00 24.00 15.00 
BUS 87 1.015 1.015 35.39 4.00 -19.28 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 52.20 607.00 53.06 -210.00 300.00 .00 .00 
BUS 90 .985 .985 41.63 -85.00 2.99 -300.00 300.00 78.00 52.00 
BUS 91 .985 .985 40.85 20.00 -35.81 -100.00 100.00 .00 .00 
BUS 92 1.030 1.022- 37.53 .00 20.00 -3.00 20.00 65.00 20.00 
BUS 99 1.015 1.015 37.11 35.00 -25.06 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 36.84 252.00 67.13 -50.00 155.00 37.00 18.00 
Appendix L 
250 Bus Network 
Contingency AIII 
L.1. Bus Oriended Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 	100. 
Bus 








pu): 	3.2E-04 4.9E-04 
.28 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 202.61 -36.71 
BUS 1 .960 .960 18.29 .00 12.92 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 23.82 50.00 -12.39 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 20.71 .00 31.66 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 29.52 40.00 144.85 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 44.43 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 19.97 85.00 112.26 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 18.77 .00 -5.46 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 19.10 .00 8.47 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 18.43 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 29.67 49.00 -10.32 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 35.72 220.00 70.80 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 37.45 314.00 10.31-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 25.02 45.00 -9.98 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 20.93 7.00 40.49 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 22.65 .00 -13.99 -14.00 42.00 59.00 23.00 
BUS 34 .984 .987+ 17.60 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 17.21 .00 .68 -8.00 24.00 31.00 17.00 
BUS 40 .970 .970 14.13 -46.00 -35.26 -300.00 300.00 20.00 23.00 
BUS 42 .985 .985 14.40 -59.00 26.93 -300.00 300.00 37.00 23.00 
3US 46 1.080 1.080 22.51 89.00 91.59 -100.00 100.00 28.00 10.00 
BUS 49 1.025 1.025 24.63 204.00 1.01 -85.00 210.00 87.00 30.00 
3US 54 .970 .970 21.73 48.00 -19.94 -300.00 300.00 113.00 52.00 
IUS 55 .970 .970 21.51 .00 2.91 -8.00 23.00 63.00 22.00 
WS 56 .970 .974+ 21.83 .00 -8.00 -8.00 15.00 84.00 38.00 
IUS 59 .985 .985 23.87 155.00 42.51 -60.00 180.00 277.00 113.00 
iUS 61 .995 .995 27.32 160.00 -13.97 -100.00 300.00 .00 .00 
,US 62 .998 .998 26.28 .00 20.71 -20.00 30.00 77.00 24.00 
US 65 1.005 1.005 30.43 391.00 101.61 -67.00 200.00 .00 .00 
US 66 1.050 1.050 29.59 392.00 38.64 -67.00 200.00 39.00 18.00 
US 70 .984 .984+ 27.04 .00 -10.00 -10.00 32.00 66.00 20.00 
US 72 .980 .980 31.67 43.00 -23.87 -100.00 100.00 .00 .00 
US 73 .991 .991 29.40 37.00 1.09 -100.00 100.00 .00 .00 
US 74 .975 .975 24.26 .00 27.62 -6.00 39.00 68.00 27.00 
US 76 .970 .970 24.41 .00 41.49 -8.00 80.00 68.00 37.00 
US 77 1.006 1.006+ 30.62 - 	.00 -19.15 -20.00 70.00 61.00 20.00 
US 80 1.040 1.040 33.45 477.00 173.84 -165.00 280.00 130.00 56.00 
US 85 1.020 1.020 39.33 .00 6.14 -8.00 23.00 24.00 15.00 
US 87 1.015 1.015 38.58 4.00 -22.23 -100.00 1000.00 .00 .00 
US 89 1.055 1.055 48.99 607.00 71.43 -210.00 300.00 .00 .00 
US 90 .985 .985 39.66 -85.00 -3.94 -300.00 300.00 78.00 52.00 
US 91 .985 .985 39.57 20.00 -36.89 -100.00 100.00 .00 .00 
JS 92 1.030 1.022- 37.24 .00 20.00 -3.00 20.00 65.00 20.00 
JS 99 1.015 1.015 37.14 35.00 -25.11 -100.00 100.00 .00 .00 
JS 100 1.017 1.017 36.84 252.00 66.12 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 35.31 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 33.10 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 33.04 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 35.66 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.27 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.42 -184.00 104.24-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 21.32 100.00 4.11 -100.00 100.00 .00 .00 
A 2 1.045 1.045 19.05 80.00 77.67 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 15.67 50.00 32.51 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 14.36 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 16.03 20.00 8.48 -10.00 45.83 .00 .00 
A 13 1.050 1.050 14.35 20.00 4.71 -15.0J 56.57 .00 .00 
B 1 1.050 1.050 20.11 100.00 69.35 -100.00 100.00 .00 .00 
B 2 1.045 1.045 19.48 80.00 42.28 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 15.68 50.00 36.83 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 18.15 20.00 63.10 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 18.69 20.00 7.06 -10.00 45.83 .00 .00 
B 13 1.050 1.050 16.67 20.00 4.20 -15.00 56.57 .00 .00 
C 1 1.050 1.050 39.97 100.00 42.95 -100.00 100.00 .00 .00 
C 2 1.045 1.045 40.53 80.00 39.76 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 38.11 50.00 16.04 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 34.92 20.00 46.25 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 36.18 20.00 6.85 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.29 20.00 4.15 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 24.19 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 25.26 80.00 9.60 -20.00 60.00 21.70 12.70 
D 5 1.010 1.010 26.62 50.00 -1.21 -15.00 62.45 94.20 39.00 
) 8 1.010 1.010 24.19 20.00 46.69 -15.00 75.00 30.00 30.00 
) 11 1.050 1.050 24.35 20.00 8.35 -10.00 45.83 .00 .00 
) 13 1.050 1.050 22.08 20.00 7.02 -15.00 56.57 .00 .00 
: 	1 1.060 1.059- 38.99 250.00 90.00 -40.00 90.00 20.00 12.00 
2 1.045 1.028- 35.37 40.00 49.96 -40.00 50.00 21.70 12.70 
3 .970 .970 28.75 .00 32.34 .00 70.00 94.20 39.00 
: 6 1.040 1.040 28.78 .00 16.23 -6.00 34.00 11.20 7.50 
: 8 1.050 1.050 29.40 .00 15.99 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .973 18.93 20.00 9.00 
BUS 3 .967 19.25 50.00 20.00 
BUS 5 1.001 24.06 40.00 18.00 
BUS 7 .987 20.07 51.00 14.00 
BUS 9 1.034 36.88 .00 .00 
BUS 11 .985 20.71 70.00 23.00 
BUS 13 .968 19.24 34.00 16.00 
BUS 14 .981 19.24 14.00 5.00 
BUS 16 .984 19.64 25.00 10.00 
BUS 17 .995 21.38 11.00 3.00 
BUS 20 1.017 19.03 18.00 7.00 
BUS 21 1.002 18.12 44.00 15.00 
BUS 22 .995 19.43 45.00 13.00 
BUS 23 .991 28.06 62.00 28.00 
BUS 28 .960 22.73 17.00 7.00 
BUS 29 .960 21.10 24.00 14.00 
BUS 30 .985 26.38 .00 .00 
BUS 33 .972 17.60 23.00 9.00 
BUS 35 .980 17.22 33.00 19.00 
BUS 37 .993 18.10 .00 .00 
BUS 38 .964 23.02 .00 .00 
BUS 39 .971 15.03 27.00 11.00 
BUS 41 .967 13.46 37.00 10.00 
BUS 43 .991 16.11 18.00 7.00 
BUS 44 1.013 16.45 16.00 8.00 
BUS 45 1.022 18.69 83.00 45.00 
BUS 47 1.026 23.58 64.00 30.00 
BUS 48 1.039 23.20 20.00 11.00 
BUS 50 1.007 23.28 17.00 4.00 
BUS 51 .986 22.05 17.00 8.00 
BUS 52 .975 21.25 18.00 5.00 
BUS 53 .962 20.62 23.00 11.00 
BUS 57 .985 22.05 12.00 3.00 
BUS 58 .979 21.67 12.00 3.00 
BUS 60 .989 26.48 78.00 43.00 
BUS 63 .970 26.49 .00 .00 
BUS 64 .984 27.84 .00 .00 
BUS 67 1.016 26.00 28.00 7.00 
BUS 68 1.001 29.87 .00 .00 
BUS 71 .987 28.42 .00 .00 
BUS 75 .975 25.17 80.00 25.00 
BUS 78 1.004 30.39 71.00 26.00 
BUS 79 1.009 30.83 39.00 32.00 
BUS 81 .993 31.25 .00 .00 
BUS 82 1.003 33.49 54.00 27.00 
BUS 83 1.007 34.92 20.00 10.00 
BUS 84 1.011 37.68 11.00 7.00 
311S 86 1.022 38.06 21.00 10.00 
BUS 88 1.024 44.12 48.00 25.00 
BUS 93 1.010 36.01 12.00 7.00 
BUS 94 1.005 35.37 30.00 16.00 
BUS 95 .999 34.73 42.00 31.00 
BUS 96 1.005 33.92 38.00 15.00 
BUS 97 1.021 34.08 15.00 9.00 
BUS 98 .991 32.66 64.00 48.00 
BUS 101 1.018 36.70 22.00 15.00 
BUS 102 1.037 37.76 25.00 3.00 
BUS 105 .965 32.62 31.00 34.00 
BUS 106 .957 32.06 69.00 36.00 
BUS 108 .957 32.31 2.00 1.00 
BUS 109 .954 32.22 48.00 10.00 
BUS 110 .968 34.10 39.00 25.10 
BUS 113 .993 21.41 6.00 -6.40 
BUS 114 .957 22.58 20.00 3.00 
BUS 115 .957 22.69 35.00 10.00 
BUS 117 .974 18.43 20.00 8.00 
BUS 118 .966 24.36 33.00 15.00 
A 3 1.016 17.00 2.40 1.20 
A 4 1.008 16.15 7.60 1.60 
A 6 1.003 15.15 .00 .00 
A 7 .998 14.74 22.80 10.90 
A 9 1.034 13.83 .00 .00 
A 10 1.031 11.96 5.80 2.00 
A 12 1.044 12.89 11.20 7.50 
A 14 1.029 11.96 6.20 1.60 
A 15 1.025 11.81 8.20 2.50 
A 16 1.032 12.23 3.50 1.80 
A 17 1.026 11.86 9.00 5.80 
A 18 1.015 11.15 3.20 .90 
A 19 1.012 10.95 9.50 3.40 
A 20 1.016 11.15 2.20 .70 
A 21 1.020 11.49 17.50 11.20 
A 22 1.021 11.50 .00 .00 
A 23 1.017 11.33 3.20 1.60 
A 24 1.013 11.03 8.70 6.70 
A 25 1.021 11.13 .00 .00 
A 26 1.005 10.65 3.50 2.30 
A 27 1.035 11.46 .00 .00 
A 28 .992 14.53 .00 .00 
A 29 1.022 10.85 2.40 .90 
A 30 1.017 10.58 7.40 2.70 
B 3 1.017 18.33 2.40 1.20 
B 4 1.010 18.04 7.60 1.60 
B 6 1.008 17.88 .00 .00 
B 7 1.001 16.46 22.80 10.90 
B 9 1.037 16.50 .00 .00 
B 10 1.034 14.61 5.80 2.00 
B 12 1.045 15.20 11.20 7.50 
B 14 1.030 14.34 6.20 1.60 
B 15 1.027 14.24 8.20 2.50 
B 16 1.033 14.69 3.50 1.80 
B 17 1.029 14.46 9.00 5.80 
B 18 1.017 13.66 3.20 .90 
B 19 1.015 13.51 9.50 3.40 
B 20 1.019 13.73 2.20 .70 
B 21 1.023 14.17 17.50 11.20 
B 22 1.024 14.19 .00 .00 
B 23 . 1.019 13.92 3.20 1.60 
B 24 1.017 13.85 8.70 6.70 
3 25 1.026 14.43 .00 .00 
3 26 1.010 13.95 3.50 2.30 
3 27 1.040 15.05 .00 .00 
1 28 .995 18.56 .00 .00 
1 29 1.028 14.45 2.40 .90 
1 30 1.023 14.19 7.40 2.70 
3 1.016 36.54 2.40 1.20 
C 4 1.008 35.89 7.60 1.60 
C 6 1.008 35.41 .00 .00 
C 7 1.001 35.82 22.80 10.90 
C 9 1.037 33.99 .00 .00 
C 10 1.035 32.06 5.80 2.00 
C 12 1.045 32.83 11.20 7.50 
C 14 1.030 31.92 6.20 1.60 
C 15 1.027 31.79 8.20 2.50 
C 16 1.034 32.25 3.50 1.80 
C 17 1.030 31.94 9.00 5.80 
C 18 1.018 31.17 3.20 .90 
C 19 1.015 31.01 9.50 3.40 
C 20 1.019 31.21 2.20 .70 
C 21 1.024 31.58 17.50 11.20 
C 22 1.025 31.58 .00 .00 
C 23 1.019 31.31 3.20 1.60 
C 24 1.018 31.04 8.70 6.70 
C 25 1.028 31.01 .00 .00 
C 26 1.012 30.53 3.50 2.30 
C 27 1.043 31.26 .00 .00 
C 28 1.003 34.23 .00 .00 
C 29 1.031 30.66 2.40 .90 
C 30 1.026 30.40 7.40 2.70 
D 3 1.004 23.41 2.40 1.20 
D 4 1.000 23.32 7.60 1.60 
D 6 1.003 23.68 .00 .00 
D 7 .998 24.18 22.80 10.90 
D 9 1.034 22.16 .00 .00 
D 10 1.032 20.18 5.80 2.00 
D 12 1.041 20.61 11.20 7.50 
D 14 1.026 19.75 6.20 1.60 
D 15 1.023 19.66 8.20 2.50 
D 16 1.030 20.17 3.50 1.80 
D 17 1.026 20.00 9.00 5.80 
D 18 1.014 19.13 3.20 .90 
D 19 1.012 19.01 9.50 3.40 
D 20 1.016 19.24 2.20 .70 
D 21 1.020 19.71 17.50 11.20 
D 22 1.021 19.72 .00 .00 
D 23 1.016 19.34 3.20 1.60 
D 24 1.014 19.26 8.70 6.70 
D 25 1.025 19.63 .00 .00 
D 26 1.009 19.16 3.50 2.30 
D 27 1.040 20.13 .00 .00 
D 28 .997 23.49 .00 .00 
D 29 1.028 19.54 2.40 .90 
D 30 1.022 19.27 7.40 2.70 
E 4 .982 32.51 47.80 20.00 
E 5 .989 34.87 7.60 1.60 
E 7 1.023 29.40 .00 .00 
E 9 1.018 27.79 29.50 16.60 
E 10 1.014 27.66 9.00 - 5.80 
E 11 1.023 28.09 3.50 1.80 
E 12 1.024 27.86 6.10 1.60 
E 13 1.019 27.76 13.50 5.80 
E 14 .999 26.71 14.90 5.00 
Power Generated: 5628.61 2018.63 
'over Demanded: 5468.80 2575.10 
System Losses: 159.81 -556.47 
Appendix M 
250 Bus Network 
M.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. 	of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 	100. 
Bus 








pu): 	2.2E-04 9.0E-04 
.31 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 210.58 -38.16 
BUS 1 .960 .960 18.25 .00 12.92 -5.00 35.00 51.00 27.00 
BUS 4 .998 .998 23.78 50.00 -12.39 -300.00 300.00 30.00 12.00 
BUS 6 .990 .990 20.67 .00 31.66 -13.00 50.00 52.00 22.00 
BUS 8 1.015 1.015 29.48 40.00 144.85 -300.00 300.00 .00 10.00 
BUS 10 1.055 1.055 44.39 450.00 34.26 -147.00 200.00 .00 .00 
BUS 12 .990 .990 19.93 85.00 112.26 -35.00 120.00 47.00 20.00 
BUS 15 .970 .970 18.73 .00 -5.46 -10.00 50.00 90.00 40.00 
BUS 18 .973 .973 19.06 .00 8.47 -16.00 50.00 60.00 34.00 
BUS 19 .960 .972+ 18.39 .00 -8.00 -8.00 24.00 45.00 25.00 
BUS 24 .992 .992 29.63 49.00 -10.32 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 35.68 220.00 70.80 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 37.40 314.00 10.30-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 24.97 45.00 -9.98 -300.00 300.00 20.00 13.00 
BUS 31 .967 .967 20.89 7.00 40.49 -300.00 300.00 43.00 27.00 
BUS 32 .963 .964+ 22.61 .00 -13.99 -14.00 42.00 59.00 23.00 
BUS 34 .984 .987+ 17.57 .00 -8.00 -8.00 24.00 59.00 26.00 
BUS 36 .980 .980 17.17 .00 .67 -8.00 24.00 31.00 17.00 
BUS 40 .970 .970 14.10 -46.00 -35.26 -300.00 300.00 20.00 23.00 
BUS 42 .985 .985 14.36 -59.00 26.93 -300.00 300.00 37.00 23.00 
BUS 46 1.080 1.080 22.48 89.00 91.60 -100.00 100.00 28.00 10.00 
BUS 49 	- 1.025 1.025 24.59 204.00 1.05 -85.00 210.00 87.00 30.00 
BUS 54 .970 .970 21.69 48.00 -19.94 -300.00 300.00 113.00 52.00 
BUS 55 .970 .970 21.47 .00 2.91 -8.00 23.00 63.00 22.00 
BUS 56 .970 .974+ 21.79 .00 -8.00 -8.00 15.00 84.00 38.00 
3US 59 .985 .985 23.83 155.00 42.51 -60.00 180.00 277.00 113.00 
BUS 61 .995 .995 27.28 160.00 -13.97 -100.00 300.00 .00 .00 
3US 62 .998 .998 26.24 .00 20.71 -20.00 30.00 77.00 24.00 
IUS 65 1.005 1.005 30.39 391.00 101.54 -67.00 200.00 .00 .00 
IUS 66 1.050 1.050 29.55 392.00 38.65 -67.00 200.00 39.00 18.00 
3US 70 .984 .984+ 26.99 .00 -9.95 -10.00 32.00 66.00 20.00 
IUS 72 .980 .980 31.63 43.00 -23.87 -100.00 100.00 .00 .00 
IUS 73 .991 .991 29.35 37.00 1.09 -100.00 100.00 .00 .00 
IUS 74 .975 .975 24.18 .00 27.68 -6.00 39.00 68.00 27.00 
1US 76 .970 .970 24.27 .00 41.49 -8.00 80.00 68.00 37.00 
IUS 77 1.006 1.006+ 30.41 -- 	.00 -19.96 -20.00 70.00 61.00 20.00 
1US 80 1.040 1.040 33.32 477.00 174.50 -165.00 280.00 130.00 56.00 
►liS 85 1.020 1.011- 36.26 .00 23.00 -8.00 23.00 24.00 15.00 
MS 87 1.015 1.015 35.39 4.00 -19.28 -100.00 1000.00 .00 .00 
;US 89 1.055 1.055 52.20 607.00 53.06 -210.00 300.00 .00 .00 
aJS 90 .985 .985 41.63 -85.00 2.99 -300.00 300.00 78.00 52.00 
XS 91 .985 .985 40.85 20.00 -35.81 -100.00 100.00 .00 .00 
,US 92 1.030 1.022- 37.53 .00 20.00 -3.00 20.00 65.00 20.00 
,US 99 1.015 1.015 37.11 35.00 -25.06 -100.00 100.00 .00 .00 
,US 100 1.017 1.017 36.84 252.00 67.13 -50.00 155.00 37.00 18.00 
BUS 103 1.000 1.000 35.31 40.00 31.40 -15.00 50.00 23.00 16.00 
BUS 104 .971 .971 33.10 .00 6.57 -8.00 53.00 38.00 25.00 
BUS 107 .980 .980 33.04 45.00 17.02 -200.00 200.00 28.00 12.00 
BUS 111 .980 .980 35.66 36.00 4.66 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.27 55.00 11.36 -100.00 1000.00 25.00 13.00 
BUS 116 1.005 1.005 29.38 -184.00 104.09-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 21.29 100.00 4.11 -100.00 100.00 .00 .00 
A 2 1.045 1.045 19.01 80.00 77.67 -20.00 80.00 21.70 12.70 
A 5 1.010 1.010 15.63 50.00 32.51 -15.00 62.45 94.20 39.00 
A 8 1.000 .998- 14.33 20.00 85.00 -15.00 85.00 30.00 30.00 
A 11 1.050 1.050 15.99 20.00 8.48 -10.00 45.83 .00 .00 
A 13 1.050 1.050 14.31 20.00 4.71 -15.00 56.57 .00 .00 
B 1 1.050 1.050 20.07 100.00 69.35 -100.00 100.00 .00 .00 
B 2 1.045 1.045 19.44 80.00 42.28 -20.00 60.00 21.70 12.70 
B 5 1.010 1.010 15.64 50.00 36.83 -15.00 62.45 94.20 39.00 
B 8 1.010 1.010 18.10 20.00 63.10 -15.00 75.00 30.00 30.00 
B 11 1.050 1.050 18.65 20.00 . 	7.06 -10.00 45.83 .00 .00 
B 13 1.050 1.050 16.62 20.00 4.20 -15.00 56.57 .00 .00 
C 1 1.050 1.050 40.02 100.00 43.76 -100.00 100.00 .00 .00 
C 2 1.045 1.045 40.52 80.00 49.02 -20.00 60.00 21.70 12.70 
C 5 1.010 1.010 35.78 50.00 34.91 -15.00 62.45 94.20 39.00 
C 8 1.010 1.010 33.87 20.00 50.76 -15.00 75.00 30.00 30.00 
C 11 1.050 1.050 35.43 20.00 6.99 -10.00 45.83 .00 .00 
C 13 1.050 1.050 33.69 20.00 4.19 -15.00 56.57 .00 .00 
D 1 1.025 1.021- 24.15 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 25.22 80.00 9.60 -20.00 60.00 21.70 12.70 
D 5 1.010 1.010 26.58 50.00 -1.21 -15.00 62.45 94.20 39.00 
D 8 1.010 1.010 24.15 20.00 46.69 -15.00 75.00 30.00 30.00 
D 11 1.050 1.050 24.31 20.00 8.35 -10.00 45.83 .00 .00 
D 13 1.050 1.050 22.04 20.00 7.02 -15.00 56.57 .00 .00 
E 	1 1.060 1.058- 39.52 250.00 90.00 -40.00 90.00 20.00 12.00 
E 2 1.045 1.028- 35.93 40.00 50.00 -40.00 50.00 21.70 12.70 
E 3 .970 .970 29.51 .00 33.09 .00 70.00 94.20 39.00 
: 6 1.040 1.040 29.89 .00 16.54 -6.00 34.00 11.20 7.50 
8 1.050 1.050 30.43 .00 16.16 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .973 18.89 20.00 9.00 
BUS 3 .967 19.21 50.00 20.00 
BUS 5 1.001 24.02 40.00 18.00 
BUS 7 .987 20.03 51.00 14.00 
BUS 9 1.034 36.84 .00 .00 
BUS 11 .985 20.67 70.00 23.00 
BUS 13 .968 19.20 34.00 16.00 
BUS 14 .981 19.20 14.00 5.00 
BUS 16 .984 19.60 25.00 10.00 
BUS 17 .995 21.34 11.00 3.00 
BUS 20 1.017 18.99 18.00 7.00 
BUS 21 1.002 18.08 44.00 15.00 
BUS 22 .995 19.38 45.00 13.00 
BUS 23 .991 28.01 62.00 28.00 
BUS 28 .960 22.68 17.00 7.00 
BUS 29 .960 21.06 24.00 14.00 
BUS 30 .985 26.34 .00 .00 
BUS 33 .972 17.56 23.00 9.00 
BUS 35 .980 17.18 33.00 19.00 
BUS 37 .993 18.06 .00 .00 
BUS 38 .964 22.98 .00 .00 
BUS 39 .971 14.99 27.00 11.00 
BUS 41 .967 13.42 37.00 10.00 
BUS 43 .991 16.08 18.00 7.00 
BUS 44 1.013 16.41 16.00 8.00 
BUS 45 1.022 18.66 83.00 45.00 
BUS 47 1.026 23.55 64.00 30.00 
BUS 48 1.039 23.17 20.00 11.00 
BUS 50 1.007 23.24 17.00 4.00 
BUS 51 .986 22.01 17.00 8.00 
BUS 52 .975 21.21 18.00 5.00 
BUS 53 .962 20.58 23.00 11.00 
BUS 57 .985 22.02 12.00 3.00 
BUS 58 .979 21.63 12.00 3.00 
BUS 60 .989 26.44 78.00 43.00 
BUS 63 .970 26.45 .00 .00 
BUS 64 .984 27.80 .00 .00 
BUS 67 1.016 25.96 28.00 7.00 
BUS 68 1.001 29.82 .00 .00 
BUS 71 .987 28.38 .00 .00 
BUS 75 .975 25.08 80.00 25.00 
BUS 78 1.003 30.19 71.00 26.00 
BUS 79 1.009 30.64 39.00 32.00 
BUS 81 .993 31.17 .00 .00 
BUS 82 1.002 32.70 54.00 27.00 
BUS 83 1.005 33.58 20.00 10.00 
3US 84 1.005 35.17 11.00 17.00 
3US 86 1.016 34.91 21.00 10.00 
BUS 88 .975 33.69 48.00 25.00 
3US 93 1.009 36.10 12.00 7.00 
3US 94 1.005 35.27 30.00 16.00 
3US 95 .998 34.45 42.00 31.00 
BUS 96 1.005 33.60 38.00 15.00 
BUS 97 1.020 34.13 15.00 9.00 
SUS 98 .990 32.58 64.00 48.00 
BUS 101 1.018 36.91 22.00 15.00 
BUS 102 1.037 38.15 25.00 3.00 
BUS 105 .965 32.63 31.00 34.00 
BUS 106 .957 32.06 69.00 36.00 
BUS 108 .957 32.31 2.00 1.00 
BUS 109 .954 32.22 48.00 10.00 
BUS 110 .968 34.10 39.00 25.10 
BUS 113 .993 21.37 6.00 -6.40 
BUS 114 .957 22.54 20.00 3.00 
BUS 115 .957 22.65 35.00 10.00 
BUS 117 .974 18.39 20.00 8.00 
BUS 118 .966 24.25 33.00 15.00 
A 3 1.016 16.97 2.40 1.20 
A 4 1.008 16.12 7.60 1.60 
A 6 1.003 15.11 .00 .00 
A 7 .998 14.71 22.80 10.90 
A 9 1.034 13.80 .00 .00 
A 10 1.031 11.92 5.80 2.00 
A 12 1.044 12.85 11.20 7.50 
A 14 1.029 11.92 6.20 1.60 
A 15 1.025 11.78 8.20 2.50 
A 16 1.032 12.20 3.50 1.80 
A 17 1.026 11.82 9.00 5.80 
A 18 1.015 11.12 3.20 .90 
A 19 1.012 10.92 9.50 3.40 
A 20 1.016 11.11 2.20 .70 
A 21 1.020 11.45 17.50 11.20 
A 22 1.021 11.46 .00 .00 
A 23 1.017 11.29 3.20 1.60 
A 24 1.013 11.00 8.70 6.70 
A 25 1.021 11.09 .00 .00 
A 26 1.005 10.61 3.50 2.30 
A 27 1.035 11.42 .00 .00 
A 28 .992 14.49 .00 .00 
A 29 1.022 10.82 2.40 .90 
A 30 1.017 10.55 7.40 2.70 
B 3 1.017 18.29 2.40 1.20 
B 4 1.010 17.99 7.60 1.60 
B 6 1.008 17.84 .00 .00 
B 7 1.001 16.42 22.80 10.90 
B 9 1.037 16.46 .00 .00 
B 10 1.034 14.56 5.80 2.00 
B 12 1.045 15.16 11.20 7.50 
B 14 1.030 14.30 6.20 1.60 
B 15 1.027 14.20 8.20 2.50 
B 16 1.033 14.65 3.50 1.80 
B 17 1.029 14.42 9.00 5.80 
B 18 1.017 13.62 3.20 .90 
B 19 1.015 13.47 9.50 3.40 
B 20 1.019 13.68 2.20 .70 
B 21 1.023 14.13 17.50 11.20 
B 22 1.024 14.15 .00 .00 
B 23 1.019 13.88 3.20 1.60 
B 24 1.017 13.80 8.70 6.70 
B 25 1.026 14.38 .00 .00 
B 26 1.010 13.91 3.50 2.30 
B 27 1.040 15.01 .00 .00 
B 28 .995 18.52 .00 .00 
B 29 1.028 14.41 2.40 .90 
B 30 1.023 14.14 7.40 2.70 
C 3 1.015 36.16 2.40 1.20 
C 4 1.007 35.41 7.60 1.60 
C 6 1.008 34.61 .00 .00 
C 7 1.001 34.45 22.80 10.90 
C 9 1.037 33.24 .00 .00 
C 10 1.034 31.34 5.80 2.00 
C 12 1.045 32.23 11.20 7.50 
C 14 1.030 31.30 6.20 1.60 
C 15 1.027 31.15 8.20 2.50 
C 16 1.033 31.59 3.50 1.80 
C 17 1.029 31.23 9.00 5.80 
C 18 1.017 30.51 3.20 .90 
C 19 1.015 30.32 9.50 3.40 
C 20 1.019 30.52 2.20 .70 
C 21 1.023 30.86 17.50 11.20 
C 22 1.024 30.86 .00 .00 
C 23 1.019 30.65 3.20 1.60 
C 24 1.017 30.32 8.70 6.70 
C 25 1.028 30.25 .00 .00 
C 26 1.012 29.78 3.50 2.30 
C 27 1.042 30.47 .00 .00 
C 28 1.002 33.41 .00 .00 
C 29 1.030 29.88 2.40 .90 
C 30 1.025 29.61 7.40 2.70 
D 3 1.004 23.37 2.40 1.20 
D 4 1.000 23.28 7.60 1.60 
D 6 1.003 23.64 .00 .00 
D 7 .998 24.14 22.80 10.90 
D 9 1.034 22.12 .00 .00 
D 10 1.032 20.14 5.80 2.00 
D 12 1.041 20.57 11.20 7.50 
D 14 1.026 19.71 6.20 1.60 
D 15 1.023 19.63 8.20 2.50 
D 16 1.030 20.13 3.50 1.80 
D 17 1.026 19.96 9.00 5.80 
D 18 1.014 19.09 3.20 .90 
D 19 1.012 18.97 9.50 3.40 
D 20 1.016 19.21 2.20 .70 
D 21 1.020 19.67 17.50 11.20 
) 22 1.021 19.68 .00 .00 
) 23 1.016 19.30 3.20 1.60 
) 24 1.014 19.22 8.70 6.70 
) 25 1.025 19.60 .00 .00 
) 26 1.009 19.12 3.50 2.30 
) 27 1.040 20.09 .00 .00 
) 28 .997 23.45 .00 .00 
) 29 1.028 19.50 2.40 .90 
) 30 1.022 19.23 7.40 2.70 
4 .981 33.51 47.80 20.00 
: 5 .989 36.03 7.60 1.60 
: 7 1.023 30.43 .00 .00 
: 9 1.017 28.83 29.50 _16.60 
10 1.014 28.72 9.00 - 5.80 
11 1.023 29.17 3.50 1.80 
12 1.024 28.96 6.10 1.60 
: 	13 1.019 28.86 13.50 5.80 
: 	14 .999 27.77 14.90 5.00 
over Generated: 5636.58 2062.40 
'over Demanded: 5468.80 2575.10 
4rstem Losses: 167.78 -512.70 
Appendix N 
250 Bus Network 
N.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	8.4E-05 8.3E-04 
.64 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 1131.31 -65.41 
BUS 1 .960 .950- -22.73 .00 35.00. -5.00 35.00 63.75 37.80 
BUS 4 .998 .998 -16.27 50.00 36.53 -300.00 300.00 37.50 16.80 
BUS 6 .990 .983- -19.67 .00 49.95 -13.00 50.00 65.00 30.80 
BUS 8 1.015 1.015 -9.82 40.00 153.81 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 -.47 285.00 12.28 -147.00 200.00 .00 .00 
BUS 12 .990 .978- -20.03 85.00 120.00 -35.00 120.00 58.75 28.00 
BUS 15 .970 .968- -16.83 .00 50.00 -10.00 50.00 112.50 56.00 
BUS 18 .973 .973 -16.34 .00 43.01 -16.00 50.00 75.00 47.60 
BUS 19 .960 .968+ -16.90 .00 2.64 -8.00 24.00 56.25 35.00 
BUS 24 .992 .992 2.96 49.00 36.35 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 5.21 220.00 90.33 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 7.68 420.00 34.01-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 -9.07 45.00 13.43 -300.00 300.00 25.00 18.20 
BUS 31 .967 .967 -14.20 7.00 66.08 -300.00 300.00 53.75 37.80 
BUS 32 .963 .963 -11.84 .00 34.90 -14.00 42.00 73.75 32.20 
BUS 34 .984 .974- -9.61 .00 24.00 -8.00 24.00 73.75 36.40 
BUS 36 .980 .968- -10.11 .00 24.00 -8.00 24.00 38.75 23.80 
BUS 40 .970 .970 -7.81 .00 6.74 -300.00 300.00 25.00 32.20 
BUS 42 .985 .985 -4.51 .00 45.62 -300.00 300.00 46.25 32.20 
BUS 46 1.080 1.059- 6.09 89.00 100.00 -100.00 100.00 35.00 14.00 
BUS 49 1.025 1.025 9.73 300.00 108.77 -85.00 210.00 108.75 42.00 
BUS 54 .970 .970 2.87 48.00 42.14 -300.00 300.00 141.25 72.80 
BUS 55 .970 .969- 2.47 .00 23.00 -8.00 23.00 78.75 30.80 
BUS 56 .970 .972+ 2.97 .00 -6.37 -8.00 15.00 105.00 53.20 
BUS 59 .985 .985 4.27 .00 152.67 -60.00 180.00 346.25 158.20 
BUS 61 .995 .995 11.02 160.00 29.44 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 10.01 .00 30.00 -20.00 30.00 96.25 33.60 
BUS 65 1.005 1.002- 19.15 500.00 200.00 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 16.36 500.00 35.09 -67.00 200.00 48.75 25.20 
BUS 70 .984 .981- 17.41 .00 32.00 -10.00 32.00 82.50 28.00 
BUS 72 .980 .980 12.96 43.00 -15.01 -100.00 100.00 .00 .00 
BUS 73 .991 .991 18.25 37.00 5.26 -100.00 100.00 .00 .00 
BUS 74 .975 .961- 15.65 .00 39.00 -6.00 39.00 85.00 37.80 
BUS 76 .970 .970- 15.05 .00 80.00 -8.00 80.00 85.00 51.80 
BUS 77 1.006 1.006 21.55 .00 42.25 -20.00 70.00 76.25 28.00 
BUS 80 1.040 1.040 23.07 300.00 266.08 -165.00 280.00 162.50 78.40 
BUS 85 1.020 1.018- 27.11 .00 22.72 -8.00 23.00 30.00 21.00 
BUS 87 1.015 1.015 25.97 4.00 -19.35 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 36.56 750.00 118.24 -210.00 300.00 .00 .00 
BUS 90 .985 .985 30.41 .00 4.11 -300.00 300.00 97.50 72.80 
BUS 91 .985 .985 31.85 20.00 -43.17 -100.00 100.00 .00 .00 
BUS 92 1.030 1.030 31.62 .00 15.82 -3.00 20.00 81.25 28.00 
BUS 99 1.015 1.015 28.11 35.00 -24.18 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 28.36 350.00 87.14 -50.00 155.00 46.25 25.20 
BUS 103 1.000 .999- 25.45 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .971 22.42 .00 41.69 -8.00 53.00 47.50 35.00 
BUS 107 .980 .980 21.47 45.00 35.21 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 23.83 36.00 11.92 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 23.12 55.00 27.38 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 22.71 .00 105.58-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 1.77 100.00 46.69 -100.00 100.00 .00 .00 
A 2 1.045 1.030- -.98 80.00 80.00 -20.00 80.00 27.13 17.78 
A 5 1.010 .989- -6.01 50.00 62.45 -15.00 62.45 117.75 54.60 
A 8 1.000 .987- -7.02 20.00 85.00 -15.00 85.00 37.50 42.00 
A 11 1.050 1.050 -5.72 20.00 16.79 -10.00 45.83 .00 .00 
A 13 1.0±0 1.050 -7.91 20.00 16.98 -15.00 56.57 .00 .00 
B 1 1.050 1.049- -17.66 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.039- -18.71 80.00 60.00 -20.00 60.00 27.13 17.78 
B 5 1.010 .997- -24.08 50.00 62.45 -15.00 62.45 117.75 54.60 
B 8 1.010 .988- -19.14 20.00 75.00 -15.00 75.00 37.50 42.00 
B 11 1.050 1.050 -19.88 20.00 16.71 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -22.56 20.00 17.59 -15.00 56.57 .00 .00 
C 1 1.050 1.050 31.58 100.00 33.82 -100.00 100.00 .00 .00 
C 2 1.045 1.045- 30.32 80.00 59.54 -20.00 60.00 27.13 17.78 
C 5 1.010 1.010 25.87 50.00 50.03 -15.00 62.45 117.75 54.60 
C 8 1.010 1.004- 23.88 20.00 74.58 -15.00 75.00 37.50 42.00 
C 11 1.050 1.050 24.65 20.00 13.68 -10.00 45.83 .00 .00 
C 13 1.050 1.050 22.46 20.00 14.49 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 5.73 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 7.21 80.00 28.60 -20.00 60.00 27.13 17.78 
D 5 1.010 1.010 10.77 50.00 35.68 -15.00 62.45 117.75 54.60 
D 8 1.010 1.006- 6.78 20.00 75.00 -15.00 75.00 37.50 42.00 
D 11 1.050 1.050 5.63 20.00 14.59 -10.00 45.83 .00 .00 
D 13 1.050 1.050 2.69 20.00 16.90 -15.00 56.57 .00 .00 
E 1 1.060 1.055- 31.51 300.00 90.00 -40.00 90.00 25.00 16.80 
E 2 1.045 1.017- 26.16 40.00 50.00 -40.00 50.00 27.13 17.78 
E 3 .970 .968- 17.20 .00 70.00 .00 70.00 117.75 54.60 
E 6 1.040 1.037- 17.25 .00 34.00 -6.00 34.00 14.00 10.50 
E 8 1.050 1.050 18.23 .00 24.06 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .960 -21.55 25.00 12.60 
BUS 3 .955 -21.53 62.50 28.00 
BUS 5 .999 -15.96 50.00 25.20 
BUS 7 .977 -20.27 63.75 19.60 
BUS 9 1.039 -5.22 .00 .00 
BUS 11 .974 -19.29 87.50 32.20 
BUS 13 .954 -20.01 42.50 22.40 
BUS 14 .970 -19.70 17.50 7.00 
BUS 16 .970 -18.94 31.25 14.00 
BUS 17 .991 -13.55 13.75 4.20 
BUS 20 1.010 -18.15 22.50 9.80 
BUS 21 .983 -19.15 55.00 21.00 
BUS 22 .969 -16.63 56.25 18.20 
BUS 23 .978 -2.38 77.50 39.20 
BUS 28 .957 -11.92 21.25 9.80 
BUS 29 .958 -13.96 30.00 19.60 
BUS 30 .974 -6.92 .00 .00 
BUS 33 .958 -14.10 28.75 12.60 
BUS 35 .967 -10.06 41.25 26.60 
BUS 37 .979 -8.78 .00 .00 
BUS 38 .940 -3.20 .00 .00 
BUS 39 .964 -8.86 33.75 15.40 
BUS 41 .964 -7.86 46.25 14.00 
BUS 43 .967 -8.94 22.50 9.80 
BUS 44 .986 -4.84 20.00 11.20 
BUS 45 .992 -.46 103.75 63.00 
BUS 47 1.005 9.88 80.00 42.00 
BUS 48 1.031 7.09 25.00 15.40 
BUS 50 1.003 7.29 21.25 5.60 
BUS 51 .976 4.47 21.25 11.20 
BUS 52 .963 3.26 22.50 7.00 
BUS 53 .953 1.91 28.75 15.40 
BUS 57 .980 4.33 - 	15.00 4.20 
BUS 58 .971 3.48 15.00 4.20 
BUS 60 .986 9.87 97.50 60.20 
BUS 63 .962 9.82 .00 .00 
BUS 64 .978 12.79 .00 .00 
BUS 67 1.012 10.13 35.00 9.80 
BUS 68 1.001 22.73 .00 .00 
BUS 71 .985 17.29 .00 .00 
BUS 75 .961 17.35 100.00 35.00 
BUS 78 1.000 21.04 88.75 36.40 
BUS 79 1.004 21.13 48.75• 44.80 
BUS 81 .992 22.88 .00 .00 
BUS 82 .993 23.03 67.50 37.80 
BUS 83 .999 23.86 25.00 14.00 
BUS 84 1.006 25.80 13.75 9.80 
BUS 86 1.016 25.49 26.25 14.00 
BUS 88 1.018 31.54 60.00 35.00 
BUS 93 1.007 28.79 15.00 9.80 
BUS 94 .998 26.81 37.50 22.40 
BUS 95 .987 25.21 52.50 43.40 
BUS 96 .994 24.09 47.50 21.00 
BUS 97 1.012 24.23 18.75 12.60 
BUS 98 .973 22.49 80.00 67.20 
BUS 101 1.013 28.89 27.50 21.00 
BUS 102 1.037 30.80 31.25 4.20 
BUS 105 .957 21.67 38.75 47.60 
BUS 106 .944 21.07 86.25 50.40 
BUS 108 .947 20.82 2.50 1.40 
BUS 109 .943 20.50 60.00 14.00 
BUS 110 .962 22.35 48.75 35.14 
BUS 113 .990 -13.51 7.50 -8.96 
BUS 114 .954 -12.00 25.00 4.20 
BUS 115 .953 -11.87 43.75 14.00 
BUS 117 .955 -21.99 25.00 11.20 
BUS 118 .956 15.71 41.25 21.00 
A 3 1.003 -3.60 3.00 1.68 
A 4 .993 -4.68 9.50 2.24 
A 6 .988 -5.83 .00 .00 
A 7 .977 -6.65 28.50 15.26 
A 9 1.018 -7.96 .00 .00 
A 10 1.006 -10.32 7.25 2.80 
A 12 1.028 -9.40 14.00 10.50 
A 14 1.006 -10.52 7.75 2.24 
A 15 1.001 . -10.66 10.25 3.50 
A 16 1.009 -10.11 4.38 2.52 
A 17 1.000 -10.48 11.25 8.12 
A 18 .986 -11.46 4.00 1.26 
A 19 .981 -11.68 11.88 4.76 
A 20 .986 -11.41 2.75 .98 
A 21 .990 -10.87 21.88 15.68 
A 22 .991 -10.85 .00 .00 
A 23 .987 -11.11 4.00 2.24 
A 24 .980 -11.27 10.88 9.38 
A 25 .992 -10.76 .00 .00 
A 26 .970 -11.36 4.38 3.22 
A 27 1.012 -10.12 .00 .00 
A 28 .982 -5.75 .00 .00 
A 29 .995 -10.88 3.00 1.26 
A 30 .988 -11.23 9.25 3.78 
B 3 1.003 -19.51 3.00 1.68 
B 4 .993 -19.80 9.50 2.24 
B 6 .989 -19.87 .00 .00 
B 7 .980 -22.19 28.50 15.26 
B 9 1.018 -22.11 .00 .00 
B 10 1.006 -24.54 7.25 2.80 
B 12 1.027 -24.05 14.00 10.50 
B 14 1.005 -25.10 7.75 2.24 
B 15 1.000 -25.18 10.25 3.50 
B 16 1.009 -24.57 4.38 2.52 
B 17 1.000 -24.76 11.25 8.12 
B 18 .986 -25.87 4.00 1.26 
B 19 .981 -26.03 11.88 4.76 
B 20 .986 -25.73 2.75 .98 
B 21 .990 -25.06 21.88 15.68 
B 22 .991 -25.03 .00 .00 
B 23 .986 -25.44 4.00 2.24 
B 24 .979 -25.35 10.88 9.38 
B 25 .991 -24.32 .00 .00 
B 26 .969 -24.92 4.38 3.22 
B 27 1.010 -23.36 .00 .00 
B 28 .976 -18.55 .00 .00 
B 29 .993 -24.13 3.00 1.26 
B 30 .986 -24.48 9.25 3.78 
C 3 1.007 26.62 3.00 1.68 
C 4 .998 25.64 9.50 2.24 
C 6 .999 24.61 .00 .00 
C 7 .992 24.36 28.50 15.26 
C 9 1.024 22.43 .00 .00 
C 10 1.012 20.04 7.25 2.80 
C 12 1.031 20.98 14.00 10.50 
C 14 1.010 19.85 7.75 2.24 
C 15 1.005 19.69 10.25 3.50 
C 16 1.014 20.26 4.38 2.52 
C 17 1.006 19.89 11.25 8.12 
C 18 .991 18.91 4.00 1.26 
C 19 .987 18.69 11.88 4.76 
C 20 .992 18.96 2.75 .98 
C 21 .997 19.47 21.88 15.68 
C 22 .998 19.48 .00 .00 
C 23 .992 19.18 4.00 2.24 
C 24 .987 18.93 10.88 9.38 
C 25 1.000 19.08 .00 .00 
C 26 .978 18.49 4.38 3.22 
C 27 1.020 19.51 .00 .00 
C 28 .992 23.53 .00 .00 
C 29 1.003 18.75 3.00 1.26 
C 30 .996 18.41 9.25 3.78 
D 3 .996 5.28 3.00 1.68 
D 4 .992 5.27 9.50 2.24 
D 6 .996 5.84 .00 .00 
D 7 .989 6.96 28.50 15.26 
D 9 1.022 3.41 .00 .00 
D 10 1.011 .90 7.25 2.80 
D 12 1.028 1.21 14.00 10.50 
D 14 1.007 .17 7.75 2.24 
D 15 1.003 .09 10.25 3.50 
D 16 1.011 .76 4.38 2.52 
D 17 1.004 .65 11.25 8.12 
D 18 .989 -.54 4.00 1.26 
D 19 .985 -.66 11.88 4.76 
D 20 .990 -.35 2.75 .98 
D 21 .995 .32 21.88 15.68 
) 22 .996 .34 .00 .00 
) 23 .990 -.23 4.00 2.24 
) 24 .985 -.20 10.88 9.38 
) 25 .998 .33 .00 .00 
) 26 .977 -.26 4.38 3.22 
) 27 1.019 .98 .00 .00 
) 28 .989 5.35 .00 .00 
) 29 1.002 .23 3.00 1.26 
) 30 .995 -.12 9.25 3.78 
4 .967 22.19 59.75 28.00 
5 .979 25.10 9.50 2.24 
7 1.010 18.23 .00 .00 
9 .997 16.17 36.88 23.24 
10 .994 15.99 11.25 8.12 
11 1.010 16.47 4.38 2.52 
12 1.015 16.10 7.63 2.24 
13 1.007 16.01 16.88 8.12 
14 .976 14.74 18.63 7.00 
over Generated: 7144.31 3835.33 
ewer Demanded: 6836.00 3605.14 
rstem Losses: 308.31 230.19 
Appendix 0 
250 Bus Network 
0.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 










Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 347.58 -54.16 
BUS 1 .960 .949- 7.80 .00 35.00 -5.00 35.00 63.75 37.80 
BUS 4 .998 .998 15.07 50.00 34.41 -300.00 300.00 37.50 16.80 
BUS 6 .990 .983- 11.07 .00 50.00 -13.00 50.00 65.00 30.80 
BUS 8 1.015 1.015 22.90 40.00 242.31 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 41.91 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .978- 9.97 85.00 120.00 -35.00 120.00 58.75 28.00 
BUS 15 .970 .969- 8.07 .00 50.00 -10.00 50.00 112.50 56.00 
BUS 18 .973 .973 8.20 .00 42.72 -16.00 50.00 75.00 47.60 
BUS 19 .960 .968+ 6.82 .00 2.03 -8.00 24.00 56.25 35.00 
BUS 24 .992 .992 11.58 49.00 62.88 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 38.01 220.00 33.48 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 38.91 420.00 49.48-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 13.92 45.00 52.33 -300.00 300.00 25.00 18.20 
BUS 31 .967 .967 8.20 7.00 67.42 -300.00 300.00 53.75 37.80 
BUS 32 .963 .961- 8.37 .00 42.00 -14.00 42.00 73.75 32.20 
BUS 34 .984 .984 10.62 .00 18.63 -8.00 24.00 73.75 36.40 
BUS 36 .980 .978- 10.13 .00 24.00 -8.00 24.00 38.75 23.80 
BUS 40 .970 .970 9.29 .00 -6.96 -300.00 300.00 25.00 32.20 
BUS 42 .985 .985 10.85 .00 36.47 -300.00 300.00 46.25 32.20 
BUS 46 1.080 1.067- 18.17 89.00 99.20 -100.00 100.00 35.00 14.00 
BUS 49 1.025 1.025 21.62 300.00 50.89 -85.00 210.00 108.75 42.00 
BUS 54 .970 .970 16.13 48.00 39.94 -300.00 300.00 141.25 72.80 
BUS 55 .970 .969- 15.83 .00 23.00 -8.00 23.00 78.75 30.80 
BUS 56 .970 .972+ 16.26 .00 -7.98 -8.00 15.00 105.00 53.20 
BUS 59 .985 .985 18.98 155.00 109.66 -60.00 180.00 346.25 158.20 
BUS 61 .995 .995 23.83 160.00 13.97 -100.00 300.00 .00 .00 
BUS 62 .998 .996- 22.68 .00 30.00 -20.00 30.00 96.25 33.60 
BUS 65 1.005 1.005 29.80 500.00 138.26 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 27.92 500.00 28.34 -67.00 200.00 48.75 25.20 
BUS 70 .984 .984 21.12 .00 25.82 -10.00 32.00 82.50 28.00 
BUS 72 .980 .980 19.33 43.00 -20.23 -100.00 100.00 .00 .00 
BUS 73 .991 .991 22.43 37.00 .98 -100.00 100.00 .00 .00 
BUS 74 .975 .965- 19.66 .00 39.00 -6.00 39.00 85.00 37.80 
BUS 76 .970 .970 20.92 .00 79.81 -8.00 80.00 85.00 51.80 
BUS 77 1.006 1.006 29.86 .00 47.09 -20.00 70.00 76.25 28.00 
BUS 80 1.040 1.040 34.01 600.00 215.65 -165.00 280.00 162.50 78.40 
BUS 85 1.020 1.018- 37.02 .00 23.00 -8.00 23.00 30.00 21.00 
BUS 87 1.015 1.015 35.88 4.00 -19.35 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 46.64 750.00 118.72 -210.00 300.00 .00 .00 
SUS 90 .985 .985 40.56 .00 3.57 -300.00 300.00 97.50 72.80 
SUS 91 .985 .985 41.99 20.00 -43.17 -100.00 100.00 .00 .00 
WS 92 1.030 1.030 41.75 .00 15.18 -3.00 20.00 81.25 28.00 
SUS 99 1.015 1.015 38.64 35.00 -24.52 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 38.71 350.00 86.18 -50.00 155.00 46.25 25.20 
BUS 103 1.000 .999- 35.80 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .971 32.77 .00 41.69 -8.00 53.00 47.50 35.00 
BUS 107 .980 .980 31.82 45.00 35.21 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 34.18 36.00 11.92 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 33.48 55.00 27.38 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 30.54 .00 89.63-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 15.90 100.00 34.90 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 13.39 80.00 79.31 -20.00 80.00 27.13 17.78 
A 5 1.010 .995- 8.89 50.00 62.14 -15.00 62.45 117.75 54.60 
A 8 1.000 .989- 9.16 20.00 84.76 -15.00 85.00 37.50 42.00 
A 11 1.050 1.050 9.70 20.00 16.01 -10.00 45.83 .00 .00 
A 13 1.050 1.050 7.36 20.06 16.16 -15.00 56.57 .00 .00 
B 1 1.050 1.047- 1.83 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.037- .35 80.00 60.00 -20.00 60.00 27.13 17.78 
B 5 1.010 .995- -5.34 50.00 62.45 -15.00 62.45 117.75 54.60 
B 8 1.010 .987- -1.34 20.00 75.00 -15.00 75.00 37.50 42.00 
B 11 1.050 1.050 -1.44 20.00 17.31 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -4.05 20.00 18.26 -15.00 56.57 .00 .00 
C 1 1.050 1.050 41.63 100.00 33.92 -100.00 100.00 .00 .00 
C 2 1.045 1.045- 40.32 80.00 60.00 -20.00 60.00 27.13 17.78 
C 5 1.010 1.010 35.79 50.00 50.11 -15.00 62.45 117.75 54.60 
C 8 1.010 1.004- 33.67 20.00 75.00 -15.00 75.00 37.50 42.00 
C 11 1.050 1.050 34.51 20.00 13.72 -10.00 45.83 .00 .00 
C 13 1.050 1.050 32.37 20.00 14.48 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 18.80 100.00 99.99 -100.00 100.00 .00 .00 
D 2 1.020 1.020 20.05 80.00 27.51 -20.00 60.00 27.13 17.78 
3 5 1.010 1.010 22.86 50.00 32.87 -15.00 62.45 117.75 54.60 
3 8 1.010 1.007- 19.46 20.00 74.99 -15.00 75.00 37.50 42.00 
) 11 1.050 1.050 18.46 20.00 14.41 -10.00 45.83 .00 .00 
3 13 1.050 1.050 15.53 20.00 16.72 -15.00 56.57 .00 .00 
1 1.060 1.055- 41.75 300.00 90.00 -40.00 90.00 25.00 16.80 
: 2 1.045 1.017- 36.46 40.00 49.97 -40.00 50.00 27.13 17.78 
3 .970 .969- 27.47 .00 70.00 .00 70.00 117.75 54.60 
: 6 1.040 1.037- 27.49 .00 34.00 -6.00 34.00 14.00 10.50 
: 8 1.050 1.050 28.48 .00 23.98 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .960 8.64 25.00 12.60 
BUS 3 .955 9.14 62.50 28.00 
BUS 5 .999 15.49 50.00 25.20 
BUS 7 .976 10.19 63.75 19.60 
BUS 9 1.028 32.29 .00 .00 
BUS 11 .974 11.02 87.50 32.20 
BUS 13 .954 9.06 42.50 22.40 
BUS 14 .971 8.95 17.50 7.00 
BUS 16 .971 9.58 31.25 14.00 
BUS 17 .992 11.81 13.75 4.20 
BUS 20 1.008 1.89 22.50 9.80 
BUS 21 .981 -.73 55.00 21.00 
BUS 22 .968 -.32 56.25 18.20 
BUS 23 .959 7.53 77.50 39.20 
BUS 28 .957 10.83 21.25 9.80 
BUS 29 .958 8.52 30.00 19.60 
BUS 30 .973 20.22 .00 .00 
BUS 33 .966 8.61 28.75 12.60 
BUS 35 .977 10.17 41.25 26.60 
BUS 37 .989 11.43 .00 .00 
BUS 38 .954 17.58 .00 .00 
BUS 39 .967 9.38 33.75 15.40 
BUS 41 .964 8.78 46.25 14.00 
BUS 43 .977 9.12 22.50 9.80 
BUS 44 .995 10.03 20.00 11.20 
BUS 45 1.000 13.22 103.75 63.00 
BUS 47 1.014 20.32 80.00 42.00 
BUS 48 1.034 19.44 25.00 15.40 
BUS 50 1.003 19.51 21.25 5.60 
BUS 51 .977 17.16 21.25 11.20 
BUS 52 .964 16.04 22.50 7.00 
BUS 53 .953 14.97 28.75 15.40 
BUS 57 .981 17.16 15.00 4.20 
BUS 58 .972 16.42 15.00 4.20 
BUS 60 .986 22.78 97.50 60.20 
BUS 63 .967 23.03 .00 .00 
BUS 64 .982 25.16 .00 .00 
BUS 67 1.013 22.45 35.00 9.80 
BUS '68 1.001 30.56 .00 .00 
BUS 71 .987 21.46 .00 .00 
BUS 75 .965 21.44 100.00 35.00 
BUS 78 1.000 29.67 88.75 36.40 
BUS 79 1.004 30.37 48.75 44.80 
IUS 81 .993 31.89 .00 .00 
BUS 82 .993 32.65 67.50 37.80 
MS 83 .999 33.60 25.00 14.00 
BUS 84 1.005 35.66 13.75 9.80 
IUS 86 1.016 35.41 26.25 14.00 
IUS 88 1.018 41.55 60.00 35.00 
IUS 93 1.007 -38.95 15.00 9.80 
MS 94 .998 36.98 37.50 22.40 
MS 95 .987 35.31 52.50 43.40 
MS 96 .995 34.20 47.50 21.00 
XIS 97 1.012 34.68 18.75 12.60 
IUS 98 .973 33.22 80.00 67.20 
IUS 101 1.013 39.17 27.50 21.00 
BUS 102 1.037 41.01 31.25 4.20 
BUS 105 .957 32.02 38.75 47.60 
BUS 106 .944 31.42 86.25 50.40 
BUS 108 .947 31.17 2.50 1.40 
BUS 109 .943 30.85 60.00 14.00 
BUS 110 .962 32.70 48.75 35.14 
BUS 113 .990 11.21 7.50 -8.96 
BUS 114 .952 9.38 25.00 4.20 
BUS 115 .952 9.71 43.75 14.00 
BUS 117 .955 8.01 25.00 11.20 
BUS 118 .959 20.64 41.25 21.00 
A 3 1.006 11.3/, 3.00 1.68 
A 4 .996 10.45 9.50 2.24 
A 6 .991 9.64 .00 .00 
A 7 .981 8.61 28.50 15.26 
A 9 1.019 7.47 .00 .00 
A 10 1.008 5.09 7.25 2.80 
A 12 1.029 5.88 14.00 10.50 
A 14 1.007 4.78 7.75 2.24 
A 15 1.002 4.65 10.25 3.50 
A 16 1.010 5.23 4.38 2.52 
A 17 1.002 4.91 11.25 8.12 
A 18 .988 3.89 4.00 1.26 
A 19 .983 3.69 11.88 4.76 
A 20 .988 3.96 2.75 .98 
A 21 .991 4.54 21.88 15.68 
A 22 .993 4.56 .00 .00 
A 23 .989 4.24 4.00 2.24 
A 24 .982 4.13 10.88 9.38 
A 25 .994 4.69 .00 .00 
A 26 .972 4.10 4.38 3.22 
A 27 1.014 5.36 .00 .00 
A 28 .983 9.77 .00 .00 
A 29 .997 4.60 3.00 1.26 
A 30 .990 4.26 9.25 3.78 
B 3 1.001 -.76 3.00 1.68 
B 4 .991 -1.21 9.50 2.24 
B 6 .987 -1.47 .00 .00 
B 7 .978 -3.67 28.50 15.26 
B 9 1.016 -3.68 .00 .00 
B 10 1.004 -6.08 7.25 2.80 
B 12 1.026 -5.54 14.00 10.50 
B 14 1.004 -6.59 7.75 2.24 
B 15 .999 -6.67 10.25 3.50 
B 16 1.007 -6.08 4.38 2.52 
B 17 .998 -6.30 11.25 8.12 
B 18 .984 -7.39 4.00 1.26 
B 19 .980 -7.56 11.88 4.76 
B 20 .985 -7.26 2.75 .98 
B 21 .988 -6.60 21.88 15.68 
B 22 .989 -6.57 .00 .00 
B 23 .985 -6.94 4.00 2.24 
B 24 .978 -6.85 10.88 9.38 
B 25 .989 -5.77 .00 .00 
B 26 .967 -6.37 4.38 3.22 
B 27 1.008 -4.77 .00 .00 
B 28 .974 .10 .00 .00 
8 29 .991 -5.54 3.00 1.26 
B 30 .984 -5.90 9.25 3.78 
C 3 1.007 36.60 3.00 1.68 
C 4 .998 35.61 9.50 2.24 
C 6 .999 34.47 .00 .00 
C 7 .992 34.24 28.50 15.26 
C 9 1.024 32.30 .00 .00 
C 10 1.012 29.92 7.25 2.80 
C 12 1.031 30.89 14.00 10.50 
C 14 1.010 29.75 7.75 2.24 
C 15 1.005 29.60 10.25 3.50 
C 16 1.014 30.16 4.38 2.52 
C 17 1.006 29.77 11.25 8.12 
C 18 .991 28.80 4.00 1.26 
C 19 .c87 28.58 11.88 4.76 
C 20 .992 28.84 2.75 .98 
C 21 .996 29.34 21.88 15.68 
C 22 .998 29.35 .00 .00 
C 23 .992 29.06 4.00 2.24 
C 24 .987 28.79 10.88 9.38 
C 25 1.000 28.89 .00 .00 
C 26 .978 28.30 4.38 3.22 
C 27 1.019 29.28 .00 .00 
C 28 .992 33.26 .00 .00 
C 29 1.003 28.53 3.00 1.26 
C 30 .996 28.19 9.25 3.78 
D 3 .997 18.14 3.00 1.68 
D 4 .992 18.09 9.50 2.24 
D 6 .996 18.64 .00 .00 
D 7 .990 19.49 28.50 15.26 
D 9 1.022 16.23 .00 .00 
D 10 1.011 13.73 7.25 2.80 
D 12 1.028 14.05 14.00 10.50 
D 14 1.007 13.01 7.75 2.24 
D 15 1.003 12.93 10.25 3.50 
D 16 1.012 13.60 4.38 2.52 
D 17 1.005 13.48 11.25 8.12 
D 18 .989 12.30 4.00 1.26 
D 19 .985 12.18 11.88 4.76 
D 20 .991 12.49 2.75 .98 
D 21 .995 13.17 21.88 15.68 
) 22 .996 13.18 .00 .00 
) 23 .990 12.63 4.00 2.24 
) 24 .985 12.68 10.88 9.38 
) 25 .999 13.30 .00 .00 
) 26 .978 12.72 4.38 3.22 
) 27 1.020 14.01 .00 .00 
) 28 .990 18.46 .00 .00 
) 29 1.003 13.25 3.00 1.26 
) 30 .996 12.91 9.25 3.78 
: 4 .967 32.44 59.75 28.00 
: 5 .979 35.33 9.50 2.24 
: 	7 1.010 28.48 .00 .00 
: 9 .997 26.41 36.88 _23.24 
: 10 .994 26.24 11.25 8.12 
, 	11 1.010 26.71 4.38 2.52 
; 	12 1.016 26.34 7.63 2.24 
, 13 1.007 26.25 16.88 8.12 
. 	14 .977 24.98 18.63 7.00 
ower Generated: 7100.58 3699.52 
over Demanded: 6836.00 3605.14 
ystem Losses: 264.58 94.38 
Appendix P 
250 Bus Network 
Contingency BIII 
P.1. Bus Oriented Results 
Time for input: 
Tiue for compact: 
No. of iterations: 
Naxiaua ■ismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 










Voltage 	 Generation QGuin QGaax Load 
BUS 69 1.035 30.00 343.91 -52.12 
BUS 1 .960 .950- 5.20 .00 35.00 -5.00 35.00 63.75 37.80 
BUS 4 .998 .998 12.34 50.00 33.24 -300.00 300.00 37.50 16.80 
BUS 6 .990 .983- 8.44 .00 50.00 -13.00 50.00 65.00 30.80 
BUS 8 1.015 1.015 19.94 40.00 224.64 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 38.96 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .978- 7.45 85.00 120.00 -35.00 120.00 58.75 28.00 
BUS 15 .970 .970 6.45 .00 46.59 -10.00 50.00 112.50 56.00 
BUS 18 .973 .973 6.72 .00 37.58 -16.00 50.00 75.00 47.60 
BUS 19 .960 .968+ 5.78 .00 -8.00 -8.00 24.00 56.25 35.00 
BUS 24 .992 .992 19.87 49.00 12.52 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.38 220.00 86.28 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.56 420.00 23.26-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.38 45.00 12.45 -300.00 300.00 25.00 18.20 
BUS 31 .967 .967 7.84 7.00 63.97 -300.00 300.00 53.75 37.80 
BUS 32 .963 .963 9.55 .00 26.26 -14.00 42.00 73.75 32.20 
BUS 34 .984 .984 8.90 .00 14.99 -8.00 24.00 73.75 36.40 
BUS 36 .980 .978- 8.39 .00 24.00 -8.00 24.00 38.75 23.80 
BUS 40 .970 .970 7.91 .00 -7.71 -300.00 300.00 25.00 32.20 
BUS 42 .985 .985 9.67 .00 37.15 -300.00 300.00 46.25 32.20 
BUS 46 1.080 1.067- 17.31 89.00 100.00 -100.00 100.00 35.00 14.00 
BUS 49 1.025 1.025 20.83 300.00 53.76 -85.00 210.00 108.75 42.00 
BUS 54 .970 .970 15.37 48.00 39.91 -300.00 300.00 141.25 72.80 
BUS 55 .970 .969- 15.08 .00 23.00 -8.00 23.00 78.75 30.80 
BUS 56 .970 .972+ 15.50 .00 -8.00 -8.00 15.00 105.00 53.20 
BUS 59 .985 .985 18.24 155.00 109.67 -60.00 180.00 346.25 158.20 
BUS 61 .995 .995 23.10 160.00 13.99 -100.00 300.00 .00 .00 
BUS 62 .998 .996- 21.94 .00 30.00 -20.00 30.00 96.25 33.60 
BUS 65 1.005 1.005 29.09 500.00 141.40 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 27.18 500.00 28.25 -67.00 200.00 48.75 25.20 
BUS 70 .984 .984 23.17 .00 17.55 -10.00 32.00 82.50 28.00 
BUS 72 .980 .980 24.69 43.00 -23.32 -100.00 100.00 .00 .00 
BUS 73 .991 .991 25.02 37.00 .95 -100.00 100.00 .00 .00 
BUS 74 .975 .966- 20.80 . 	.00 39.00 -6.00 39.00 85.00 37.80 
BUS 76 .970 .970 21.38 1.. .00 77.93 -8.00 80.00 85.00 51.80 
BUS 77 1.006 1.006 29.75 .00 46.61 -20.00 70.00 76.25 28.00 
BUS 80 1.040 1.040 33.56 600.00 218.63 -165.00 280.00 162.50 78.40 
BUS 85 1.020 1.015- 40.25 .00 23.00 -8.00 23.00 30.00 21.00 
BUS 87 1.015 1.015 39.08 4.00 -18.52 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 53.46 750.00 84.37 -210.00 300.00 .00 .00 
BUS 90 .985 .985 43.40 .00 24.41 -300.00 300.00 97.50 72.80 
BUS 91 .985 .985 41.92 20.00 -28.00 -100.00 100.00 .00 .00 
BUS 92 1.030 1.013- 37.70 .00 20.00 -3.00 20.00 81.25 28.00 
SUS 99 1.015 1.015 37.15 35.00 -25.17 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 36.80 350.00 102.28 -50.00 155.00 46.25 25.20 
BUS 103 1.000 .999- 33.89 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .971 30.86 .00 41.69 -8.00 53.00 47.50 35.00 
BUS 107 .980 .980 29.91 45.00 35.21 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 32.27 36.00 11.92 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 31.56 55.00 27.38 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 30.06 .00 88.33-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 14.85 100.00 35.23 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 12.32 80.00 80.00 -20.00 80.00 27.13 17.78 
A 5 1.010 .995- 7.75 50.00 62.45 -15.00 62.45 117.75 54.60 
A 8 1.000 .989- 7.88 20.00 85.00 -15.00 85.00 37.50 42.00 
A 11 1.050 1.050 8.51 20.00 16.03 -10.00 45.83 .00 .00 
A 13 1.050 1.050 6.19 20.00 16.18 -15.r0 50.57 .00 .00 
B 1 1.050 1.050 3.98 100.00 98.76 -100.00 100.00 .00 .00 
B 2 1.045 1.040- 2.81 80.00 60.00 -20.00 60.00 27.13 17.78 
B 5 1.010 .998- -2.63 50.00 62.45 -15.00 62.45 117.75 54.60 
B 8 1.010 .991- 2.07 20.00 75.00 -15.00 75.00 37.50 42.00 
B 11 1.050 1.050 1.47 20.00 16.24 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -1.17 20.00 17.03 -15.00 56.57 .00 .00 
C 1 1.050 1.050 40.30 100.00 66.80 -100.00 100.00 .00 .00 
C 2 1.045 1.043- 41.11 80.00 60.00 -20.00 60.00 27.13 17.78 
C 5 1.010 1.010 38.14 50.00 59.32 -15.00 62.45 117.75 54.60 
C 8 1.010 1.001- 34.36 20.00 75.00 -15.00 75.00 37.50 42.00 
C 11 1.050 1.050 34.88 20.00 14.37 -10.00 45.83 .00 .00 
C 13 1.050 1.050 32.46 20.00 15.47 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 18.04 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 19.29 80.00 27.51 -20.00 60.00 27.13 17.78 
D 5 1.010 1.010 22.11 50.00 32.88 -15.00 62.45 117.75 54.60 
D 8 1.010 1.007- 18.71 20.00 75.00 -15.00 75.00 37.50 42.00 
D 11 1.050 1.050 17.71 20.00 14.41 -10.00 45.83 .00 .00 
D 13 1.050 1.050 14.78 20.00 16.72 -15.00 56.57 .00 .00 
E 1 1.060 1.048- 40.28 300.00 90.00 -40.00 90.00 25.00 16.80 
E 2 1.045 1.014- 35.85 40.00 50.00 -40.00 50.00 27.13 17.78 
E 3 .970 .964- 27.30 .00 70.00 .00 70.00 117.75 54.60 
E 6 1.040 1.034- 28.06 .00 34.00 -6.00 34.00 14.00 10.50 
E 8 1.050 1.050 28.87 .00 25.49 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .960 6.09 25.00 12.60 
BUS 3 .955 6.52 62.50 28.00 
BUS 5 .999 12.74 50.00 25.20 
BUS 7 .977 7.60 63.75 19.60 
BUS 9 1.028 29.34 .00 .00 
BUS 11 .974 8.45 87.50 32.20 
BUS 13 .954 6.72 42.50 22.40 
BUS 14 .971 6.67 17.50 7.00 
BUS 16 .972 7.24 31.25 14.00 
BUS 17 .994 9.83 13.75 4.20 
BUS 20 1.011 3.62 22.50 9.80 
BUS 21 .985 2.24 55.00 21.00 
BUS 22 .973 4.26 56.25 18.20 
BUS 23 .981 17.00 77.50 39.20 
BUS 28 .957 9.76 21.25 9.80 
BUS 29 .958 7.98 30.00 19.60 
BUS 30 .980 16.85 .00 .00 
BUS 33 .966 6.93 28.75 12.60 
BUS 35 .977 8.43 41.25 26.60 
BUS 37 .989 9.66 .00 .00 
BUS 38 .956 15.49 .00 .00 
BUS 39 .967 7.86 33.75 15.40 
BUS 41 .964 7.46 46.25 14.00 
BUS 43 .977 7.64 22.50 9.80 
BUS 44 .994 8.89 20.00 11.20 
BUS 45 1.000 12.21 103.75 63.00 
BUS 47 1.014 19.61 80.00 42.00 
BUS 48 1.033 18.59 25.00 15.40 
BUS 50 1.003 18.73 21.25 5.60 
BUS 51 .977 16.39 21.25 11.20 
BUS 52 .964 15.28 22.50 7.00 
BUS 53 .953 14.21 28.75 15.40 
BUS 57 .981 16.40 15.00 4.20 
BUS 58 .972 15.66 15.00 4.20 
BUS 60 .986 22.05 97.50 60.20 
BUS 63 .967 22.30 .00 .00 
BUS 64 .982 24.44 .00 .00 
BUS 67 1.013 21.70 35.00 9.80 
BUS 68 1.001 30.08 .00 .00 
BUS 71 .987 24.05 .00 .00 
BUS 75 .966 22.28 100.00 35.00 
BUS 78 1.000 29.52 88.75 36.40 
BUS 79 1.004 30.14 48.75 44.80 
BUS 81 .993 31.43 .00 .00 
BUS 82 .990 32.93 67.50 37.80 
BUS 83 .995 34.61 25.00 14.00 
BUS 84 1.002 38.17 13.75 9.80 
BUS 86 1.014 38.61 26.25 14.00 
BUS 88 1.013 46.93 60.00 35.00 
BUS 93 .998 36.08 15.00 9.80 
BUS 94 .994 35.20 37.50 22.40 
NUS 95 .984 34.36 52.50 43.40 
SUS 96 .992 33.56 47.50 21.00 
NUS 97 1.010 34.11 18.75 12.60 
NUS 98 .974 32.23 80.00 67.20 
NUS 101 1.007 36.93 27.50 21.00 
BUS 102 1.026 38.51 31.25 4.20 
BUS 105 .957 30.11 38.75 47.60 
BUS 106 .944 29.51 86.25 50.40 
BUS 108 .947 29.26 2.50 1.40 
BUS 109 .943 28.94 60.00 14.00 
BUS 110 .962 30.79 48.75 35.14 
BUS 113 .992 9.63 7.50 -8.96 
BUS 114 .954 9.41 25.00 4.20 
BUS 115 .953 9.55 43.75 14.00 
BUS 117 .955 5.49 25.00 11.20 
BUS 118 .959 21.30 41.25 21.00 
A 3 1.006 10.21 3.00 1.68 
A 4 .996 9.29 9.50 2.24 
A 6 .991 8.44 .00 .00 
A 7 .981 7.44 28.50 15.26 
A 9 1.019 6.28 .00 .00 
A 10 1.007 3.90 7.25 2.80 
A 12 1.029 4.71 14.00 10.50 
A 14 1.007 3.60 7.75 2.24 
A 15 1.002 3.48 10.25 3.50 
A 16 1.010 4.05 4.38 2.52 
A 17 1.002 3.73 11.25 8.12 
A 18 .988 2.71 4.00 1.26 
A 19 .983 2.51 11.88 4.76 
A 20 .988 2.78 2.75 .98 
A 21 .991 3.35 21.88 15.68 
A 22 .993 3.37 .00 .00 
A 23 .989 3.06 4.00 2.24 
A 24 .982 2.94 10.88 9.38 
A 25 .994 3.50 .00 .00 
A 26 .972 2.91 4.38 3.22 
A 27 1.013 4.17 .00 .00 
A 28 .983 8.57 .00 .00 
A 29 .997 3.41 3.00 1.26 
A 30 .990 3.06 9.25 3.78 
B 3 1.004 1.94 3.00 1.68 
B 4 .995 1.60 9.50 2.24 
B 6 .990 1.47 .00 .00 
B 7 .982 -.81 28.50 15.26 
B 9 1.019 -.76 .00 .00 
B 10 1.007 -3.17 7.25 2.80 
B 12 1.028 -2.66 14.00 10.50 
B 14 1.006 -3.71 7.75 2.24 
B 15 1.001 -3.79 10.25 3.50 
B 16 1.009 -3.19 4.38 2.52 
B 17 1.001 -3.39 11.25 8.12 
B 18 .987 -4.49 4.00 1.26 
B 19 .982 -4.65 11.88 4.76 
B 20 .987 -4.36 2.75 .98 
B 21 .991 -3.70 21.88 15.68 
B 22 .992 -3.67 .00 - 	.00 
B 23 .987 -4.06 4.00 2.24 
B 24 .980 -3.98 10.88 9.38 
B 25 .992 -2.97 .00 .00 
B 26 .970 -3.56 4.38 3.22 
B 27 1.011 -2.02 .00 .00 
B 28 .978 2.78 .00 .00 
B 29 .994 -2.79 3.00 1.26 
B 30 .987 -3.13 9.25 3.78 
C 3 1.005 36.28 3.00 1.68 
C 4 .996 35.51 9.50 2.24 
C 6 .997 34.94 .00 .00 
C 7 .990 35.41 28.50 15.26 
C 9 1.022 32.66 .00 .00 
C 10 1.011 30.22 7.25 2.80 
C 12 1.030 30.98 14.00 10.50 
C 14 1.009 29.87 7.75 2.24 
C 15 1.004 29.73 10.25 3.50 
C 16 1.012 30.34 4.38 2.52 
C 17 1.005 30.04 11.25 8.12 
C 18 .990 28.99 4.00 1.26 
C 19 .986 28.81 11.81 4.76 
C 20 .991 29.09 2.75 .98 
C 21 .995 29.63 21.88 15.68 
C 22 .996 29.65 .00 .00 
C 23 .991 29.25 4.00 2.24 
C 24 .985 29.05 10.88 9.38 
C 25 .998 29.21 .00 .00 
C 26 .976 28.62 4.38 3.22 
C 27 1.017 29.63 .00 .00 
C 28 .990 33.66 .00 .00 
C 29 1.000 28.87 3.00 1.26 
C 30 .993 28.53 9.25 3.78 
D 3 .997 17.39 3.00 1.68 
D 4 .992 17.34 9.50 2.24 
3 6 .996 17.89 .00 .00 
3 7 .990 18.74 28.50 15.26 
) 9 1.022 15.48 .00 .00 
) 10 1.011 . 12.98 7.25 2.80 
) 12 1.028 13.29 14.00 10.50 
) 14 1.007 12.26 7.75 2.24 
) 15 1.003 12.18 10.25 3.50 
) 16 1.012 12.85 4.38 2.52 
) 17 1.005 12.73 11.25 8.12 
) 18 .989 11.55 4.00 1.26 
) 19 .985 11.43 11.88 4.76 
) 20 .991 11.74 2.75 .98 
) 21 .995 12.42 21.88 15.68 
1 22 .996 12.43 .00 .00 
) 23 .990 11.88 4.00 2.24 
1 24 .985 11.93 10.88 9.38 
1 25 .999 12.55 .00 .00 
1 26 .978 11.97 4.38 3.22 
, 27 1.020 13.26 .00 .00 
28 .990 17.71 .00 .00 
29 1.003 12.51 3.00 1.26 
30 .996 12.16 9.25 3.78 
4 .963 32.80 59.75 28.00 
5 .975 36.06 9.50 2.24 
7 1.007 28.87 .00 .00 
9 .994 26.82 36.88 .23.24 
10 .990 26.67 11.25 -8.12 
11 1.007 27.21 4.38 2.52 
12 1.012 26.89 7.63 2.24 
13 1.004 26.79 16.88 8.12 











250 Bus Results 
Contingency BIV 
Q.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	5.6E-05 8.1E-04 
.76 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 359.99 -54.73 
BUS 1 .960 .950- 5.11 .00 35.00 -5.00 35.00 63.75 37.80 
BUS 4 .998 .998 12.25 50.00 33.24 -300.00 300.00 37.50 16.80 
BUS 6 .990 .983- 8.35 .00 50.00 -13.00 50.00 65.00 30.80 
BUS 8 1.015 1.015 19.85 40.00 224.64 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 38.87 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .978- 7.36 85.00 120.00 -35.00 120.00 58.75 28.00 
BUS 15 .970 .970 6.36 .00 46.59 -10.00 50.00 112.50 56.00 
BUS 18 .973 .973 6.63 .00 37.58 -16.00 50.00 75.00 47.60 
BUS 19 .960 .968+ 5.70 .00 -8.00 -8.00 24.00 56.25 35.00 
BUS 24 .992 .992 19.78 49.00 12.51 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.29 220.00 86.28 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.47 420.00 23.26-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.29 45.00 12.44 -300.00 300.00 25.00 18.20 
BUS 31 .967 .967 7.75 7.00 63.97 -300.00 300.00 53.75 37.80 
BUS 32 .963 .963 9.46 .00 26.26 -14.00 42.00 73.75 32.20 
BUS 34 .984 .984 8.81 .00 14.99 -8.00 24.00 73.75 36.40 
BUS 36 .980 .978- 8.31 .00 24.00 -8.00 24.00 38.75 23.80 
BUS 40 .970 .970 7.83 .00 -7.71 -300.00 300.00 25.00 32.20 
BUS 42 .985 .985 9.59 .00 37.16 -300.00 300.00 46.25 32.20 
BUS 46 1.080 1.067- 17.24 89.00 100.00 -100.00 100.00 35.00 14.00 
BUS 49 1.025 1.025 20.76 300.00 53.92 -85.00 210.00 108.75 42.00 
BUS 54 .970 .970 15.29 48.00 39.92 -300.00 300.00 141.25 72.80 
BUS 55 .970 .969- 14.99 .00 23.00 -8.00 23.00 78.75 30.80 
BUS 56 .970 .972+ 15.42 .00 -7.99 -8.00 15.00 105.00 53.20 
BUS 59 .985 .985 18.15 155.00 109.67 -60.00 180.00 346.25 158.20 
BUS 61 .995 .995 23.01 160.00 13.98 -100.00 300.00 .00 .00 
BUS 62 .998 .996- 21.86 .00 30.00 -20.00 30.00 96.25 33.60 
BUS 65 1.005 1.005 28.99 500.00 141.19 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 27.09 500.00 28.27 -67.00 200.00 48.75 25.20 
BUS 70 .984 .984 23.07 .00 17.73 -10.00 32.00 82.50 28.00 
BUS 72 .980 .980 24.60 43.00 -23.32 -100.00 100.00 .00 .00 
BUS 73 .991 .991 24.93 37.00 .95 -100.00 100.00 .00 .00 
BUS 74 .975 .966- 20.65 .00 39.00 -6.00 39.00 85.00 37.80 
BUS 76 .970 .970 21.12 .00 77.75 -8.00 80.00 85.00 51.80 
BUS 77 1.006 1.006 29.35• - 	.00 55.54 -20.00 70.00 76.25 28.00 
BUS 80 1.040 1.040 33.28 600.00 223.78 -165.00 280.00 162.50 78.40 
BUS 85 1.020 .980- 36.15 .00 23.00 -8.00 23.00 30.00 21.00 
BUS 87 1.015 1.015 34.50 4.00 -7.31 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 57.82 750.00 87.41 -210.00 300.00 .00 .00 
BUS 90 .985 .985 46.01 .00 39.25 -300.00 300.00 97.50 72.80 
BUS 91 .985 .985 43.55 20.00 -24.30 -100.00 100.00 .00 .00 
















155.00 46 '1 0 25.20 20
BUS 103 1.000 .999- 33.73 40.00 50.00 -15.00 50.00 28.75 22.40 
BUS 104 .971 .971 30.70 .00 41.69 -8.00 53.00 47.50 35.00 
BUS 107 .980 .980 29.75 45.00 35.21 -200.00 200.00 35.00 16.80 
BUS 111 .980 .980 32.11 36.00 11.92 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 31.40 55.00 27.38 -100.00 1000.00 31.25 18.20 
BUS 116 1.005 1.005 29.97 .00 87.98-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 14.78 100.00 35.25 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 12.24 80.00 80.00 -20.00 80.00 27.13 17.78 
A 5 1.010 .995- 7.67 50.00 62.45 -15.00 62.45 117.75 54.60 
A 8 1.000 .989- 7.80 20.00 85.00 -15.00 85.00 37.50 42.00 
A 11 1.050 1.050 8.43 20.00 16.03 -10.00 45.83 .00 .00 
A 13 1.050 1.050 6.11 20.00 16.18 -15.00 56.57 .00 .00 
B 1 1.050 1.050 3.89 100.00 98.75 -100.00 100.00 .00 .00 
B 2 1.045 1.040- 2.72 80.00 60.00 -20.00 60.00 27.13 17.78 
B 5 1.010 .998- -2.71 50.00 62.45 -15.00 62.45 117.75 54.60 
B 8 1.010 .991- 1.98 20.00 75.00 -15.00 75.00 37.50 42.00 
B 11 1.050 1.050 1.38 20.00 16.24 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -1.26 20.00 17.03 -15.00 56.57 .00 .00 
C 1 1.050 1.050 40.19 100.00 91.35 -100.00 100.00 .00 .00 
C 2 1.045 1.033- 41.10 80.00 60.00 -20.00 60.00 27.13 17.78 
C 5 1.010 .984- 35.08 50.00 62.45 -15.00 62.45 117.75 54.60 
C 8 1.010 .989- 32.85 20.00 75.00 -15.00 75.00 37.50 42.00 
C 11 1.050 1.050 33.73 20.00 17.49 -10.00 45.83 .00 .00 
C 13 1.050 1.050 31.45 20.00 18.48 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 17.96 100.00 99.99 -100.00 100.00 .00 .00 
D 2 1.020 1.020 19.21 80.00 27.51 -20.00 60.00 27.13 17.78 
D 5 1.010 1.010 22.02 50.00 32.88 -15.00 62.45 117.75 54.60 
D 8 1.010 1.007- 18.63 20.00 75.00 -15.00 75.00 37.50 42.00 
D 11 1.050 1.050 17.62 20.00 14.41 -10.00 45.83 .00 .00 
D 13 1.050 1.050 14.70 20.00 16.72 -15.00 56.57 .00 .00 
E 1 1.060 1.045- 40.89 300.00 90.00 -40.00 90.00 25.00 16.80 
E 2 1.045 1.011- 36.49 40.00 50.00 -40.00 50.00 27.13 17.78 
E 3 .970 .961- 28.20 .00 70.00 .00 70.00 117.75 54.60 
E 6 1.040 1.031- 29.43 .00 34.00 -6.00 34.00 14.00 10.50 
E 8 1.050 1.050 30.12 .00 26.60 -6.00 34.00 .00 .00 
Bus 	 Voltage 	 Load 
BUS 2 .960 6.01 25.00 12.60 
BUS 3 .955 6.43 62.50 28.00 
BUS 5 .999 12.65 50.00 25.20 
BUS 7 .977 7.52 63.75 19.60 
BUS 9 1.028 29.25 .00 .00 
BUS 11 .974 8.36 87.50 32.20 
BUS 13 .954 6.63 42.50 22.40 
BUS 14 .971 6.58 17.50 7.00 
BUS 16 .972 7.15 31.25 14.00 
BUS 17 .994 9.75 13.75 4.20 
BUS 20 1.011 3.53 22.50 9.80 
BUS 21 .985 2.15 55.00 21.00 
BUS 22 .973 4.17 56.25 18.20 
BUS 23 .981 16.91 77.50 39.20 
BUS 28 .957 9.67 21.25 9.80 
BUS 29 .958 7.89 30.00 19.60 
BUS 30 .980 16.77 .00 .00 
BUS 33 .966 6.84 28.75 12.60 
BUS 35 .977 8.35 41.25 26.60 
BUS 37 .989 9.58 .00 .00 
BUS 38 .956 15.40 .00 .00 
BUS 39 .967 7.78 33.75 15.40 
BUS 41 .964 7.38 46.25 14.00 
BUS 43 .977 7.55 22.50 9.80 
BUS 44 .994 8.82 20.00 11.20 
BUS 45 1.000 12.14 103.75 63.00 
BUS 47 1.014 19.55 80.00 42.00 
BUS 48 1.033 18.52 25.00 15.40 
BUS 50 1.003 18.66 21.25 5.60 
BUS 51 .977 16.31 21.25 11.20 
BUS 52 .964 15.20 22.50 7.00 
BUS 53 .953 14.13 28.75 15.40 
BUS 57 .981 16.32 15.00 4.20 
BUS 58 .972 15.58 15.00 4.20 
BUS 60 .986 21.96 97.50 60.20 
BUS 63 .967 22.21 .00 .00 
BUS 64 .982 24.35 .00 .00 
BUS 67 1.013 21.62 35.00 9.80 
BUS 68 1.001 29.98 .00 .00 
BUS 71 .987 23.95 .00 .00 
BUS 75 .966 22.12 100.00 35.00 
BUS 78 1.000 29.13 88.75 36.40 
BUS 79 1.004 29.78 48.75 44.80 
BUS 81 .993 31.26 .00 .00 
BUS 82 .981 31.74 67.50 37.80 
BUS 83 .981 32.70 25.00 14.00 
BUS 84 .974 34.75 13.75 9.80 
BUS 86 .991 34.21 26.25 14.00 
BUS 88 .928 32.72 60.00 35.00 
BUS 93 .995 36.06 15.00 9.80 
BUS 94 .991 34.93 37.50 22.40 
BUS 95 .978 33.85 52.50 43.40 
BUS 96 .987 33.00 47.50 21.00 
BUS 97 1.007 34.06 18.75 12.60 
BUS 98 .974 31.99 80.00 67.20 
BUS 101 1.006 37.07 27.50 21.00 
BUS 102 1.024 38.91 31.25 4.20 
BUS 105 .957 29.95 38.75 47.60 
BUS 106 .944 29.35 86.25 50.40 
BUS 108 .947 29.09 2.50 1.40 
BUS 109 .943 28.78 60.00 14.00 
BUS 110 .962 30.63 48.75 35.14 
BUS 113 .992 9.54 7.50 -8.96 
BUS 114 .954 9.32 25.00 4.20 
BUS 115 .953 9.46 43.75 14.00 
BUS 117 .955 5.41 25.00 11.20 
BUS 118 .959 21.10 41.25 21.00 
A 3 1.006 10.13 3.00 1.68 
A 4 .996 9.21 9.50 2.24 
A 6 .991 8.37 .00 .00 
A 7 .981 7.36 28.50 15.26 
A 9 1.019 6.20 .00 .00 
A 10 1.007 3.82 7.25 2.80 
A 12 1.029 4.63 14.00 10.50 
A 14 1.007 3.53 7.75 2.24 
A 15 1.002 3.40 10.25 3.50 
A 16 1.010 3.97 4.38 2.52 
A 17 1.001 3.65 11.25 8.12 
A 18 .988 2.63 4.00 1.26 
A 19 .983 2.43 11.88 4.76 
A 20 .988 2.70 2.75 .98 
A 21 .991 3.27 21.88 15.68 
A 22 .993 3.29 .00 .00 
A 23 .989 2.98 4.00 2.24 
A 24 .982 2.86 10.88 9.38 
A 25 .994 3.42 .00 .00 
A 26 .972 2.83 4.38 3.22 
A 27 1.013 4.09 .00 .00 
A 28 .983 8.49 .00 .00 
A 29 .997 3.33 3.00 1.26 
A 30 .990 2.98 9.25 3.78 
B 3 1.004 1.85 3.00 1.68 
B 4 .995 1.51 9.50 2.24 
B 6 .990 1.38 .00 .00 
B 7 .982 -.90 28.50 15.26 
B 9 1.019 -.85 .00 .00 
B 10 1.007 -3.26 7.25 2.80 
B 12 1.028 -2.75 14.00 10.50 
B 14 1.006 -3.80 7.75 2.24 
B 15 1.001 -3.88 10.25 3.50 
B 16 1.009 -3.28 4.38 2.52 
B 17 1.001 -3.48 11.25 8.12 
B 18 .987 -4.58 4.00 1.26 
B 19 .982 -4.74 11.88 4.76 
B 20 .987 -4.44 2.75 .98 
B 21 .991 -3.79 21.88 _15.68 
B 22 .992 -3.75 .00 .00 
B 23 .987 -4.15 4.00 2.24 
B 24 .980 -4.07 10.88 9.38 
B 25 .992 -3.05 .00 .00 
B 26 .970 -3.65 4.38 3.22 
B 27 1.011 -2.11 .00 .00 
B 28 .978 2.69 .00 .00 
B 29 .994 -2.87 3.00 1.26 
B 30 .987 -3.22 9.25 3.78 
C 3 .999 35.64 3.00 1.68 
C 4 .988 34.75 9.50 2.24 
C 6 .986 33.75 .00 .00 
C 7 .974 33.48 28.50 15.26 
C 9 1.016 31.50 .00 .00 
C 10 1.004 29.07 7.25 2.80 
C 12 1.026 29.96 14.00 10.50 
C 14 1.004 28.82 7.75 2.24 
C 15 .999 28.67 10.25 3.50 
C 16 1.007 29.26 4.38 2.52 
C 17 .998 28.90 11.25 8.12 
C 18 .984 27.89 4.00 1.26 
C 19 .980 27.68 11.88 4.76 
C 20 .985 27.95 2.75 .98 
C 21 .988 28.47 21.88 15.68 
C 22 .989 28.49 .00 .00 
C 23 .985 28.15 4.00 2.24 
C 24 .978 27.90 10.88 9.38 
C 25 .989 28.01 .00 .00 
C 26 .967 27.41 4.38 3.22 
C 27 1.007 28.41 .00 .00 
C 28 .980 32.43 .00 .00 
C 29 .990 27.64 3.00 1.26 
C 30 .983 27.29 9.25 3.78 
D 3 .997 17.30 3.00 1.68 
D 4 .992 17.25 9.50 2.24 
D 6 .996 17.81 .00 .00 
D 7 .990 18.66 28.50 15.26 
D 9 1.022 15.40 .00 .00 
D 10 1.011 12.90 7.25 2.80 
D 12 1.028 13.21 14.00 10.50 
D 14 1.007 12.17 7.75 2.24 
D 15 1.003 12.10 10.25 3.50 
D 16 1.012 12.76 4.38 2.52 
D 17 1.005 12.65 11.25 8.12 
D 18 .989 11.47 4.00 1.26 
D 19 .985 11.34 11.88 4.76 
D 20 .991 11.66 2.75 .98 
D 21 .995 12.33 21.88 15.68 
D 22 .996 12.35 .00 .00 
D 23 .990 11.80 4.00 2.24 
D 24 .985 11.85 10.88 9.38 
D 25 .999 12.47 .00 .00 
D 26 .978 11.88 4.38 3.22 
D 27 1.020 13.18 .00 .00 
D 28 .990 17.62 .00 .00 
D 29 1.003 12.42 3.00 1.26 
D 30 .996 12.08 9.25 3.78 
E 4 .960 34.04 59.75 28.00 
E 5 .972 37.54 9.50 2.24 
E 7 1.005 30.12 .00 .00 
E 9 .992 28.08 36.88 23.24 
E 10 .988 27.95 11.25 8.12 
E 11 1.004 28.53 4.38 2.52 
E 12 1.009 28.25 7.63 2.24 
E 13 1.001 28.15 16.88 8.12 
E 14 .970 26.74 18.63 7.00 
Power Generated: 7112.99. 3724.52 
Power Demanded: 6836.00 3605.14 
Systea Losses: 276.99 119.38 
Appendix R 
250 Bus Network 
Contingency CI 
R.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	8.1E-05 7.8E-04 
.76 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 915.06 -74.76 
BUS 1 .960 .947- -23.28 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 -16.56 50.00 43.21 -300.00 300.00 39.00 16.80 
BUS 6 .990 .981- -20.07 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 -9.83 40.00 164.44 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 -.48 285.00 12.28 -147.00 200.00 .00 .00 
BUS 12 .990 .976- -20.44 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .965- -16.69 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 -16.31 .00 49.89 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ -16.82 .00 12.09 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 2.50 49.00 40.07 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 5.00 220.00 92.37 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 7.67 420.00 35.81-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 -9.66 45.00 15.15 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 -14.71 7.00 68.07 -300.00 300.00 55.90 37.80 
BUS 32 .963 .963 -12.47 .00 40.98 -14.00 42.00 76.70 32.20 
BUS 34 .984 .966- -6.89 .00 24.00 -8.00 24.00 76.70 36.40 
BUS 36 .980 .959- -7.40 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 -1.06 80.00 -2.52 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 3.16 90.00 15.30 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.060- 9.21 89.00 100.00 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 12.72 300.00 87.60 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 4.98 48.00 48.94 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 4.54 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 5.07 .00 -6.12 -8.00 15.00 109.20 53.20 
BUS 59 .985 .985 6.32 .00 158.77 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 13.26 160.00 34.94 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 12.24 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.000- •21.85 500.00 200.00 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 18.97 500.00 39.14 -67.00 200.00 50.70 25.20 
BUS 70 .984 .979- 17.33 .00 32.00 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 12.67 43.00 -14.28 -100.00 100.00 .00 .00 
BUS 73 .991 .991 18.12 37.00 6.68 -100.00 100.00 .00 .00 
BUS 74 .975 .959- 15.75 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .967- 15.70 .00 80.00 -8.00 80.00 88.40 51.80 
BUS 77 1.006 1.006 23.15 .00 51.09 -20.00 70.00 79.30 28.00 
BUS 80 1.040 1.040 25.25 300.00 268.12 -165.00 280.00 169.00 78.40 
BUS 85 1.020 1.017- 30.50 .00 22.55 -8.00 23.00 31.20 21.00 
BUS 87 1.015 1.015 29.27 4.00 -18.86 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 40.99 750.00 128.79 -210.00 300.00 .00 .00 
BUS 90 .985 .985 37.06 120.00 -22.89 -300.00 300.00 101.40 72.80 
BUS 91 .985 .985 37.38 20.00 -42.35 -100.00 100.00 .00 .00 
NUS 92 1.030 1.029- 35.53 .00 20.00 -3.00 20.00 84.50 28.00 
BUS 99 1.015 1.015 30.59 35.00 -23.93 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 30.97 350.00 96.69 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 27.78 40.00 50.00 	-15.00 50.00 29.90 22.40 
BUS 104 .971 .971 24.58 . .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 23.45 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 25.76 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 25.00 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 26.17 210.00 95.57-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 6.08 • 100.00 44.56 -100.00 100.00 .00 .00 
A 2 1.045 1.029- 3.43 80.00 80.00 	-20.00 80.00 28.21 17.78 
A 5 1.010 .986- -1.86 50.00 62.45 -15.00 62.45 122.46 54.60 
A 8 1.000 .987- -.82 20.00 85.00 	-15.00 85.00 39.00 42.00 
A 11 1.050 1.050 -.24 20.00 16.98 	-10.00 45.83 .00 .00 
A 13 1.050 1.050 -2.70 20.00 17.39 -15.00 56.57 .00 .00 
B 1 1.050 1.045- -18.59 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.034- -19.80 80.00 60.00 	-20.00 60.00 28.21 17.78 
B 5 1.010 .989- -25.57 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .983- -20.27 20.00 75.00 	-15.00 75.00 39.00 42.00 
B 11 1.050 1.05Q -21.22 20.00 18.33 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -24.00 20.00 19.53 	-15.00 56.57 .00 .00 
C 1 1.050 1.050 35.14 100.00 39.33 -100.00 100.00 .00 .00 
C 2 1.045 1.044- 33.79 80.00 59.48 	-20.00 60.00 28.21 17.78 
C 5 1.010 1.010 29.08 50.00 56.14 -15.00 62.45 122.46 54.60 
C 8 1.010 1.002- 26.70 20.00 74.37 	-15.00 75.00 39.00 42.00 
C 11 1.050 1.050 27.37 20.00 14.57 	-10.00 45.83 .00 .00 
C 13 1.050 1.050 25.13 20.00 15.52 	-15.00 56.57 .00 .00 
D 1 1.025 1.019- 7.82 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 9.29 80.00 30.67 	-20.00 60.00 28.21 17.78 
D 5 1.010 1.010 13.03 50.00 39.08 -15.00 62.45 122.46 54.60 
D 8 1.010 1.005- 8.89 20.00 75.00 	-15.00 75.00 39.00 42.00 
D 11 1.050 1.050 7.53 20.00 15.08 -10.00 45.83 .00 .00 
D 13 1.050 1.050 4.50 20.00 17.48 	-15.00 56.57 .00 .00 
E 1 1.060 1.051- 35.38 300.00 90.00 	-40.00 90.00 26.00 16.80 
E 2 1.045 1.012- 29.93 40.00 50.00 	-40.00 50.00 28.21 17.78 
E 3 .970 .960- 20.93 .00 70.00 .00 70.00 122.46 54.60 
E 6 1.040 1.031- 21.64 .00 34.00 	-6.00 34.00 14.56 10.50 
E 8 1.050 1.050 22.48 .00 26.51 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .957 -22.04 26.00 12.60 
BUS 3 .952 -22.03 65.00 28.00 
BUS 5 .998 -16.23 52.00 25.20 
BUS 7 .975 -20.69 66.30 19.60 
BUS 9 1.039 -5.23 .00 .00 
BUS 11 .973 -19.67 91.00 32.20 
BUS 13 .951 -20.33 44.20 22.40 
BUS 14 .968 -19.99 18.20 7.00 
BUS 16 .967 -19.23 32.50 14.00 
BUS 17 .989 -13.44 14.30 4.20 
BUS 20 1.006 -18.92 23.40 9.80 
BUS 21 .978 -20.16 57.20 21.00 
BUS 22 .964 -17.64 58.50 18.20 
BUS 23 .976 -2.90 80.60 39.20 
BUS 28 .957 -12.52 22.10 9.80 
BUS 29 .957 -14.52 31.20 19.60 
BUS 30 .972 -6.40 .00 .00 
BUS 33 .951 -12.77 29.90 12.60 
BUS 35 .958 -7.34 42.90 26.60 
3US 37 .970 -5.95 .00 .00 
BUS 38 .935 -1.13 .00 .00 
3US 39 .960 -3.58 35.10 15.40 
3US 41 .964 -.91 48.10 14.00 
3US 43 .961 -5.82 23.40 9.80 
3US 44 .984 -.98 20.80 11.20 
3US 45 .992 3.24 107.90 63.00 
BUS 47 1.007 12.47 83.20 42.00 
3US 48 1.032 10.33 26.00 15.40 
3US 50 1.002 10.04 22.10 5.60 
3US 51 .975 6.79 22.10 11.20 
3US 52 .962 5.50 23.40 7.00 
PUS 53 .952 4.02 29.90 15.40 
PUS 57 .980 6.68 15.60 4.20 
3US 58 .970 5.69 15.60 4.20 
3US 60 .986 12.07 101.40 60.20 
SUS 63 .961 12.07 .00 .00 
BUS 64 .977 15.15 .00 .00 
BUS 67 1.011 12.41 36.40 9.80 
BUS 68 1.000 25.70 .00 .00 
BUS 71 .985 17.17 .00 .00 
BUS 75 .959 17.60 104.00 35.00 
SUS 78 1.000 22.68 92.30 36.40 
BUS 79 1.004 22.89 50.70 44.80 
BUS 81 .991 25.56 .00 .00 
BUS 82 .990 25.60 70.20 37.80 
BUS 83 .997 26.68 26.00 14.00 
BUS 84 1.004 28.99 14.30 : 9.80 
BUS 86 1.015 28.80 27.30 14.00 
BUS 88 1.016 35.50 62.40 35.00 
BUS 93 1.005 32.20 15.60 9.80 
BUS 94 .996 29.78 39.00 22.40 
BUS 95 .984 28.09 54.60 43.40 
BUS 96 .992 26.81 49.40 21.00 
BUS 97 1.008 27.14 19.50 12.60 
BUS 98 .972 24.70 83.20 67.20 
BUS 101 1.011 32.07 28.60 21.00 
BUS 102 1.034 34.55 32.50 4.20 
BUS 105 .956 23.76 40.30 47.60 
BUS 106 .943 23.14 89.70 50.40 
BUS 108 .946 22.79 2.60 1.40 
BUS 109 .942 22.44 62.40 14.00 
BUS 110 .962 24.29 50.70 35.14 
BUS 113 .988 -13.49 7.80 -8.96 
BUS 114 .954 -12.67 26.00 4.20 
BUS 115 .953 -12.54 45.50 14.00 
BUS 117 .952 -22.49 26.00 11.20 
BUS 118 .954 16.11 42.90 21.00 
A 3 1.004 1.48 3.12 1.68 
A 4 .993 .58 9.88 2.24 
A 6 .988 -.16 .00 .00 
A 7 .976 -1.58 29.64 15.26 
A 9 1.017 -2.47 .00 .00 
A 10 1.005 -4.94 7.54 2.80 
A 12 1.027 -4.19 14.56 10.50 
A 14 1.005 -5.32 8.06 2.24 
A 15 1.000 -5.44 10.66 3.50 
A 16 1.008 -4.84 4.55 2.52 
A 17 .999 -5.14 11.70 8.12 
A 18 .985 -6.23 4.16 1.26 
A 19 .980 -6.43 12.35 4.76 
A 20 .985 -6.14 2.86 .98 
A 21 .989 -5.50 22.75 15.68 
A 22 .990 -5.47 .00 .00 
A 23 .986 -5.81 4.16 2.24 
A 24 .979 -5.84 11.31 9.38 
A 25 .992 -4.97 .00 .00 
A 26 .970 -5.60 4.55 3.22 
A 27 1.012 -4.08 .00 .00 
A 28 .981 .76 .00 .00 
A 29 .995 -4.89 3.12 1.26 
A 30 .988 -5.25 9.62 3.78 
B 3 .998 -20.61 3.12 1.68 
B 4 .988 -20.94 9.88 2.24 
B 6 .984 -21.04 .00 .00 
B 7 .974 -23.52 29.64 15.26 
B 9 1.014 -23.46 .00 .00 
B 10 1.002 -25.99 7.54 2.80 
B 12 1.024 -25.50 14.56 10.50 
B 14 1.002 -26.60 8.06 2.24 
B 15 .997 -26.68 10.66 3.50 
B 16 1.005 -26.04 4.55 2.52 
B 17 .996 -26.23 11.70 8.12 
B 18 .982 -27.41 4.16 1.26 
B 19 .977 -27.57 12.35 4.76 
B 20 .982 -27.25 2.86 .98 
B 21 .985 -26.55 22.75 15.68 
B 22 .987 -26.52 .00 .00 
B 23 .982 -26.95 4.16 2.24 
B 24 .975 -26.84 11.31 9.38 
B 25 .986 -25.73 .00 .00 
B 26 .964 -26.37 4.55 3.22 
B 27 1.005 -24.69 .00 .00 
B 28 .972 -19.62 .00 .00 
B 29 .988 -25.51 3.12 1.26 
B 30 .980 -25.88 9.62 3.78 
C 3 1.005 29.72 3.12 1.68 
C 4 .995 28.63 9.88 2.24 
C 6 .997 27.52 .00 .00 
C 7 .990 27.34 29.64 15.26 
C 9 1.022 25.15 .00 .00 
C 10 1.010 22.67 7.54 2.80 
C 12 1.030 23.64 14.56 10.50 
C 14 1.008 22.45 8.06 2.24 
C 15 1.003 22.29 10.66 3.50 
C 16 1.012 22.90 4.55 2.52 
C 17 1.004 22.50 11.70 8.12 
C 18 .989 21.47 4.16 1.26 
C 19 .985 21.24 12.35 b.76 
C 20 .990 21.52 2.86 .98 
C 21 .994 22.06 22.75 15.68 
C 22 .995 22.07 .00 .00 
C 23 .990 21.74 4.16 2.24 
C 24 .984 21.48 11.31 9.38 
C 25 .997 21.62 .00 .00 
C 26 .974 20.99 4.55 3.22 
C 27 1.017 22.07 .00 .00 
C 28 .990 26.24 .00 .00 
C 29 1.000 21.27 3.12 1.26 
C 30 .992 20.91 9.62 3.78 
D 3 .995 7.35 3.12 1.68 
D 4 .991 7.35 9.88 2.24 
D 6 .995 7.91 .00 .00 
D 7 .988 9.07 29.64 15.26 
D 9 1.021 5.31 .00 .00 
D 10 1.010 2.70 7.54 2.80 
D 12 1.027 3.02 14.56 10.50 
D 14 1.006 1.92 8.06 2.24 
D 15 1.001 1.84 10.66 3.50 
D 16 1.010 2.55 4.55 2.52 
D 17 1.003 2.43 11.70 8.12 
D 18 .987 1.18 4.16 1.26 
D 19 .983 1.06 12.35 4.76 
D 20 .989 1.39 2.86 .98 
D 21 .993 2.09 22.75 15.68 
D 22 .994 2.11 .00 .00 
D 23 .988 1.51 4.16 2.24 
D 24 .983 1.55 11.31 9.38 
D 25 .997 2.13 .00 .00 
D 26 .974 1.50 4.55 3.22 
D 27 1.017 2.83 .00 .00 
) 28 .988 7.40 .00 .00 
) 29 1.000 2.04 3.12 1.26 
3 30 .993 1.68 9.62 3.78 
4 .961 26.60 62.14 28.00 
5 .974 29.97 9.88 2.24 
7 1.006 22.48 .00 .00 
9 .992 20.33 38.35 23.24 
10 .988 20.17 11.70 8.12 
E 11 1.004 20.74 4.55 2.52 
12 1.009 20.41 7.93 2.24 
E 13 1.001 20.30 17.55 8.12 
14 .970 18.87 19.37 7.00 
'ower Generated: 7428.06 3870.41 
'ower Demanded: 7109.44 3605.14 
;pass Losses: 318.62 265.27 
Appendix S 
250 Bus Network 
Contingency CIS 
S.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	9.3E-05 9.8E-04 
.49 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 136.34 -32.30 
BUS 1 .960 .947- 7.66 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 15.18 50.00 40.48 -300.00 300.00 39.00 16.80 
BUS 6 .990 .981- 11.07 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 23.29 40.00 246.75 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 42.30 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .976- 9.96 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .968- 8.57 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 8.60 .00 47.83 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ 7.26 .00 6.99 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 11.02 49.00 67.19 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 38.40 220.00 35.32 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 39.43 420.00 48.10-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 13.61 45.00 59.41 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 7.95 7.00 70.92 -300.00 300.00 55.90 37.80 
BUS 32 .963 .960- 7.97 .00 42.00 -14.00 42.00 76.70 32.20 
BUS 34 .984 .982- 13.57 .00 24.00 -8.00 24.00 76.70 36.40 
BUS 36 .980 .976- 13.07 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 16.18 80.00 -27.41 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 18.57 90.00 8.70 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.067- 21.27 89.00 99.35 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 24.57 300.00 39.06 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 18.22 48.00 46.40 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 17.89 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 18.34 .00 -7.98 -8.00 15.00 109.20 53.20 . 
BUS 59 .985 .985 21.02 155.00 114.08 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 26.07 160.00 16.78 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 24.90 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.005 32.48 500.00 146.93 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 30.51 500.00 27.96 -67.00 200.00 50.70 25.20 
BUS 70 .984 .984 20.98 .00 30.32 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 18.97 43.00 -19.92 -100.00 100.00 .00 .00 
BUS 73 .991 .991 22.25 37.00 1.01 -100.00 100.00 .00 .00 
BUS 74 .975 .963- 19.70 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .967- 21.50 .00 80.00 -8.00 80.00 88.40 51.80 
BUS 77 1.006 1.006 31.39 .00 64.08 -20.00 70.00 79.30 28.00 
BUS 80 1.040 1.040 36.13 600.00 218.05 -165.00 280.00 169.00 78.40 
BUS 85 1.020 1.016- 40.35 .00 23.00 -8.00 23.00 31.20 21.00 
BUS 87 1.015 1.015 39.12 4.00 -18.86 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 51.00 750.00 129.11 -210.00 300.00 .00 .00 
3US 90 .985 .985 47.14 120.00 -23.52 -300.00 300.00 101.40 72.80 
BUS 91 .985 .985 47.45 20.00 -42.43 -100.00 100.00 .00 .00 
BUS 92 1.030 1.029- 45.60 .00 19.98 -3.00 20.00 84.50 28.00 
HIS 99 1.015 1.015 41.05 35.00 -24.29 -100.00 100.00 .00 .00 
MS 100 1.017 1.017 41.25 350.00 95.47 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 38.07 40.00 50.00 -15.00 50.00 29.90 22.40 
BUS 104 .971 .971 34.86 .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 33.74 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 36.05 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.28 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 33.98 210.00 86.33-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 20.22 100.00 33.55 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 17.82 80.00 79.45 -20.00 80.00 28.21 17.78 
A 5 1.010 .994- 13.07 50.00 62.32 -15.00 62.45 122.46 54.60 
A 8 1.000 .989- 15.45 20.00 84.87 -15.00 85.00 39.00 42.00 
A 11 1.050 1.050 15.24 20.00 16.25 -10.00 45.83 .00 .00 
A 13 1.050 1.050 12.63 20.00 16.65 -15.00 56.57 .00 .00 
B 1 1.050 1.042- 1.10 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.030- -.56 80.00 60.00 -20.00 60.00 28.21 17.78 
B 5 1.010 .986- -6.67 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .981- -2.34 20.00 75.00 -15.00 75.00 39.00 42.00 
B 11 1.050 1.050 -2.63 20.00 19.18 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -5.34 20.00 20.49 -15.00 56.57 .00 .00 
C 1 1.050 1.050 45.12 100.00 39.30 -100.00 100.00 .00 .00 
C 2 1.045 1.044- 43.72 80.00 60.00 -20.00 60.00 28.21 17.78 
C 5 1.010 1.010 38.93 50.00 56.25 -15.00 62.45 122.46 54.60 
C 8 1.010 1.002- 36.42 20.00 75.00 -15.00 75.00 39.00 42.00 
C 11 1.050 1.050 37.17 20.00 14.61 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.97 20.00 15.52 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 20.88 100.00 99.99 -100.00 100.00 .00 .00 
D 2 1.020 1.020 22.12 80.00 29.50 -20.00 60.00 28.21 17.78 
D 5 1.010 1.010 25.10 50.00 36.10 -15.00 62.45 122.46 54.60 
D 8 1.010 1.006- 21.57 20.00 74.99 -15.00 75.00 39.00 42.00 
D 11 1.050 1.050 20.34 20.00 14.89 -10.00 45.83 .00 .00 
D 13 1.050 1.050 17.33 20.00 17.28 -15.00 56.57 .00 .00 
E 1 1.060 1.052- 45.56 300.00 90.00 -40.00 90.00 26.00 16.80 
E 2 1.045 1.013- 40.16 40.00 49.97 -40.00 50.00 28.21 17.78 
E 3 .970 .961- 31.15 .00 70.00 .00 70.00 122.46 54.60 
E 6 1.040 1.032- 31.80 .00 34.00 -6.00 34.00 14.56 10.50 
E 8 1.050 1.050 32.66 .00 26.39 -6.00 34.00 .00 .00 
Bus 
	 Voltage 	 Load 
BUS 2 .958 8.56 ' 26.00 12.60 
BUS 3 .953 9.05 65.00 28.00 
BUS 5 .998 15.63 52.00 25.20 
BUS 7 .975 10.17 66.30 19.60 
BUS 9 1.028 32.69 .00 • .00 
BUS 11 .972 11.04 91.00 32.20 
BUS 13 .952 9.13 44.20 22.40 
BUS 14 .969 9.06 18.20 7.00 
BUS 16 .970 9.68 32.50 14.00 
BUS 17 .991 12.28 14.30 4.20 
BUS 20 1.003 1.34 23.40 9.80 
BUS 21 .975 -1.58 57.20 21.00 
BUS 22 .963 -1.24 58.50 18.20 
BUS 23 .957 6.89 80.60 39.20 
BUS 28 .956 10.51 22.10 9.80 
BUS 29 .957 8.24 31.20 19.60 
BUS 30 .972 21.12 .00 .00 
BUS 33 .963 10.27 29.90 12.60 
BUS 35 .974 13.13 42.90 26.60 
BUS 37 .987 14.48 .00 .00 
BUS 38 .954 19.87 .00 .00 
BUS 39 .966 14.83 35.10 15.40 
BUS 41 .964 15.85 48.10 14.00 
BUS 43 .976 12.40 23.40 9.80 
BUS 44 .993 13.92 20.80 11.20 
BUS 45 1.000 16.93 107.90 63.00 
BUS 47 1.015 22.87 83.20 42.00 
BUS 48 1.034 22.66 26.00 15.40 
BUS 50 1.003 22.23 22.10 5.60 
BUS 51 .976 19.46 22.10 11.20 
BUS 52 .963 18.27 23.40 7.00 
BUS 53 .953 17.06 29.90 15.40 
BUS 57 .980 19.50 15.60 4.20 
BUS 58 .971 18.62 15.60 4.20 
BUS 60 .986 24.98 101.40 60.20 
BUS 63 .966 25.28 .00 .00 
BUS 64 .981 27.53 .00 .00 
BUS 67 1.012 24.71 36.40 9.80 
BUS 68 1.001 33.51 .00 .00 
BUS 71 .987 21.28 .00 .00 
BUS 75 .963 21.63 104.00 35.00 
BUS 78 1.000 31.24 92.30 36.40 
BUS 79 1.004 32.07 50.70 44.80 
BUS 81 .993 34.53 .00 .00 
BUS 82 .990 35.15 70.20 37.80 
BUS 83 .997 36.34 26.00 14.00 
BUS 84 1.004 38.78 14.30 - 9.80 
BUS 86 1.015 38.65 27.30 14.00 
BUS 88 1.016 45.44 62.40 35.00 
BUS 93 1.005 42.28 15.60 9.80 
BUS 94 .996 39.88 39.00 22.40 
BUS 95 .984 38.11 54.60 43.40 
BUS 96 .992 36.86 49.40 21.00 
BUS 97 1.009 37.52 19.50 12.60 
BUS 98 .972 35.37 83.20 67.20 
BUS 101 1.012 42.28 28.60 21.00 
BUS 102 1.034 44.70 32.50 4.20 
BUS 105 .956 34.05 40.30 47.60 
BUS 106 .943 33.43 89.70 50.40 
BUS 108 .946 33.08 2.60 1.40 
BUS 109 .942 32.72 62.40 14.00 
BUS 110 .962 34.57 50.70 35.14 
BUS 113 .989 11.57 7.80 -8.96 
BUS 114 .951 8.95 26.00 4.20 
BUS 115 .950 9.29 45.50 14.00 
BUS 117 .953 7.91 26.00 11.20 
BUS 118 .956 20.98 42.90 21.00 
A 3 1.006 16.47 3.12 1.68 
A 4 .996 15.76 9.88 2.24 
A 6 .990 15.38 .00 .00 
A 7 .980 13.74 29.64 15.26 
A 9 1.019 13.01 .00 .00 
A 10 1.007 10.53 7.54 2.80 
A 12 1.028 11.14 14.56 10.50 
A 14 1.006 10.03 8.06 2.24 
A 15 1.001 9.93 10.66 3.50 
A 16 1.010 10.55 4.55 2.52 
A 17 1.001 10.30 11.70 8.12 
A 18 .986 9.18 4.16 1.26 
A 19 .982 8.99 12.35 4.76 
A 20 .987 9.30 2.86 .98 
A 21 .991 9.96 22.75 15.68 
A 22 .992 9.99 .00 .00 
A 23 .987 9.59 4.16 2.24 
A 24 .981 9.62 11.31 9.38 
A 25 .994 10.54 .00 .00 
A 26 .972 9.91 4.55 3.22 
A 27 1.014 11.46 .00 .00 
A 28 .983 16.34 .00 .00 
A 29 .997 10.66 3.12 1.26 
A 30 .990 10.29 9.62 3.78 
B 3 .995 -1.69 3.12 1.68 
B 4 .985 -2.19 9.88 2.24 
B 6 .981 -2.49 .00 .00 
B 7 .971 -4.85 29.64 15.26 
B 9 1.013 -4.88 .00 .00 
B 10 1.000 -7.39 7.54 2.80 
B 12 1.023 -6.83 14.56 10.50 
B 14 1.001 -7.94 8.06 2.24 
B 15 .995 -8.03 10.66 3.50 
B 16 1.004 -7.40 4.55 2.52 
B 17 .994 -7.62 11.70 8.12 
B 18 .980 -8.78 4.16 1.26 
B 19 .975 -8.95 12.35 4.76 
B 20 .980 -8.64 2.86 .98 
B 21 .983 -7.94 22.75 15.68 
B 22 .984 -7.91 .00 .00 
B 23 .981 -8.31 4.16 2.24 
B 24 .973 -8.20 11.31 9.38 
B 25 .983 -7.02 .00 .00 
B 26 .961 -7.67 4.55 3.22 
B 27 1.002 -5.95 .00 .00 
B 28 .969 -.81 .00 .00 
B 29 .985 -6.77 3.12 1.26 
B 30 .977 -7.14 9.62 3.78 
C 3 1.005 39.62 3.12 1.68 
C 4 .995 38.52 9.88 2.24 
C 6 .997 37.30 .00 .00 
C 7 .990 37.15 29.64 15.26 
C 9 1.022 34.95 .00 .00 
C 10 1.010 32.47 7.54 2.80 
C 12 1.030 33.49 14.56 10.50 
C 14 1.008 32.29 8.06 2.24 
C 15 1.003 32.12 10.66 3.50 
C 16 1.012 32.72 4.55 2.52 
C 17 1.004 32.31 11.70 8.12 
C 18 .989 31.29 4.16 1.26 
C 19 .984 31.06 12.35 4.76 
C 20 .990 31.33 2.86 .98 
C 21 .994 31.86 22.75 15.68 
C 22 .995 31.87 .00 .00 
C 23 .990 31.56 4.16 2.24 
C 24 .984 31.26 11.31 9.38 
C 25 .996 31.36 .00 .00 
C 26 .974 30.73 4.55 3.22 
C 27 1.016 31.78 .00 .00 
C 28 .990 35.91 .00 .00 
C 29 .999 30.98 3.12 1.26 
C 30 .992 30.62 9.62 3.78 
D 3 .996 20.21 3.12 1.68 
D 4 .991 20.16 9.88 2.24 
D 6 .995 20.70 .00 .00 
D 7 .989 21.59 29.64 15.26 
D 9 1.021 18.12 .00 .00 
D 10 1.010 15.52 7.54 2.80 
D 12 1.027 15.85 14.56 10.50 
D 14 1.006 14.76 8.06 2.24 
D 15 1.002 14.68 10.66 3.50 
D 16 1.010 15.38 4.55 2.52 
D 17 1.003 15.26 11.70 8.12 
D 18 .988 14.02 4.16 1.26 
D 19 .984 13.89 12.35 4.76 
D 20 .989 14.22 2.86 .98 
D 21 .994 14.93 22.75 15.68 
D 22 .995 14.94 .00 .00 
D 23 .989 14.37 4.16 2.24 
D 24 .983 14.42 11.31 9.38 
D 25 .998 15.09 .00 .00 
D 26 .975 14.47 4.55 3.22 
D 27 1.018 15.85 .00 .00 
D 28 .989 20.50 .00 .00 
D 29 1.001 15.06 3.12 1.26 
D 30 .994 14.70 9.62 3.78 
E 4 .961 36.78 62.14 28.00 
E 5 .974 40.13 9.88 2.24 
E 7 1.006 32.66 .00 .00 
E 9 .992 30.51 38.35 -23.24 
E 10 .988 30.35 11.70 - 8.12 
E 11 1.005 30.91 4.55 2.52 
E 12 1.009 30.58 7.93 2.24 
E 13 1.001 30.47 17.55 8.12 
E 14 .970 29.05 19.37 7.00 
Power Generated: 7389.34 3776.27 
'over Demanded: 7109.44 3605.14 
System Losses: 279.90 171.13 
Appendix T 
250 Bus Network 
Contingency CIII 
T.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 










Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 134.29 -32.98 
BUS 1 .960 .948- 5.01 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 12.40 50.00 38.74 -300.00 300.00 39.00 16.80 
BUS 6 .990 .982- 8.39 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 20.27 40.00 228.18 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 39.29 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .977- 7.40 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .969- 6.94 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 7.11 .00 41.66 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ 6.24 .00 -7.98 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 19.64 49.00 15.03 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.44 220.00 88.45 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.83 420.00 22.42-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.09 45.00 14.08 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 7.65 7.00 65.27 -300.00 300.00 55.90 37.80 
BUS 32 .963 .963 9.23 .00 31.52 -14.00 42.00 76.70 32.20 
BUS 34 .984 .983- 11.79 .00 23.99 -8.00 24.00 76.70 36.40 
BUS 36 .980 .977- 11.28 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 14.77 80.00 -28.60 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 17.36 90.00 9.08 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.067- 20.39 89.00 100.00 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 23.76 300.00 41.11 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 17.43 48.00 46.37 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 17.11 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 17.56 .00 -7.99 -8.00 15.00 109.20 53.20 
BUS 59 .985 .985 20.25 155.00 114.09 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 25.31 160.00 16.79 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 24.13 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.005 31.73 500.00 149.95 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 29.74 500.00 27.88 -67.00 200.00 50.70 25.20 
BUS 70 .984 .984 23.11 .00 20.62 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 24.54 43.00 -23.27 -100.00 100.00 .00 .00 
BUS 73 .991 .991 24.95 37.00 .94 -100.00 100.00 .00 .00 
BUS 74 .975 .964- 20.87 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .969- 21.93 .00 80.00 -8.00 80.00 88.40 51.80 
BUS 77 1.006 1.006 31.22 .00 62.90 -20.00 70.00 79.30 28.00 
BUS 80 1.040 1.040 35.59 600.00 221.36 -165.00 280.00 169.00 78.40 
BUS 85 1.020 1.011- 43.85 .00 23.00 -8.00 23.00 31.20 21.00 
BUS 87 1.015 1.015 42.55 4.00 -17.15 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 58.49 750.00 97.31 -210.00 300.00 .00 .00 
BUS 90 .985 .985 50.24 120.00 .37 -300.00 300.00 101.40 72.80 
BUS 91 .985 .985 47.30 20.00 -22.18 -100.00 100.00 .00 .00 
BUS 92 1.030 1.010- 41.04 .00 20.00 -3.00 20.00 84.50 28.00 
BUS 99 1.015 1.015 39.35 35.00 -25.08 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 39.07 350.00 113.27 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 35.89 40.00 50.00 -15.00 50.00 29.90 22.40 
BUS 104 .971 .971 32.68 .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 31.55 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 33.86 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 33.10 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 33.46 210.00 84.05-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 19.15 100.00 33.80 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 16.71 80.00 80.00 -20.00 80.00 28.21 17.78 
A 5 1.010 .994- 11.91 50.00 62.45 -15.00 62.45 122.46 54.60 
A 8 1.000 .989- 14.14 20.00 85.00 -15.00 85.00 39.00 42.00 
A 11 1.050 1.050 14.02 20.00 16.27 -10.00 45.83 .00 .00 
A 13 1.050 1.050 11.43 2(.00 16.66 -15.00 56.57 .00 .00 
B 1 1.050 1.046- 3.37 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.035- 2.04 80.00 60.00 -20.00 60.00 28.21 17.78 
B 5 1.010 .991- -3.79 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .986- 1.25 20.00 75.00 -15.00 75.00 39.00 42.00 
B 11 1.050 1.050 .45 20.00 17.73 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -2.28 20.00 18.79 -15.00 56.57 .00 .00 
C 1 1.050 1.050 43.56 100.00 77.93 -100.00 100.00 .00 .00 
C 2 1.045 1.040- 44.52 80.00 60.00 -20.00 60.00 28.21 17.78 
C 5 1.010 1.007- 41.47 50.00 62.45 -15.00 62.45 122.46 54.60 
C 8 1.010 .997- 37.11 20.00 75.00 -15.00 75.00 39.00 42.00 
C 11 1.050 1.050 37.49 20.00 15.68 -10.00 45.83 .00 .00 
C 13 1.050 1.050 34.98 20.00 16.95 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 20.09 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 21.33 80.00 29.50 -20.00 60.00 28.21 17.78 
D 5 1.010 1.010 24.32 50.00 36.12 -15.00 62.45 122.46 54.60 
D 8 1.010 1.006- 20.79 20.00 75.00 -15.00 75.00 39.00 42.00 
D 11 1.050 1.050 19.56 20.00 14.89 -10.00 45.83 .00 .00 
D 13 1.050 1.050 16.55 20.00 17.28 -15.00 56.57 .00 .00 
E 1 1.060 1.043- 43.87 300.00 90.00 -40.00 90.00 26.00 16.80 
E 2 1.045 1.007- 39.41 40.00 50.00 -40.00 50.00 28.21 17.78 
E 3 .970 .954- 30.85 .00 70.00 .00 70.00 122.46 54.60 
E 6 1.040 1.026- 32.34 .00 34.00 -6.00 34.00 14.56 10.50 
E 8 1.050 1.050 32.99 .00 28.64 -6.00 34.00 .00 .00 
Bus 	 Voltage 	 Load 
BUS 2 .958 5.97 26.00 12.60 
BUS 3 .953 6.38 65.00 28.00 
BUS 5 .999 12.83 52.00 25.20 
BUS 7 .975 7.53 66.30 19.60 
BUS 9 1.028 29.67 .00 .00 
BUS 11 .973 8.43 91.00 32.20 
BUS 13 .953 6.75 44.20 22.40 
BUS 14 .970 6.74 1P.20 7.00 
BUS 16 .971 7.30 32.50 14.00 
BUS 17 .994 10.28 14.30 4.20 
BUS 20 1.007 3.19 23.40 9.80 
BUS 21 .981 1.55 57.20 21.00 
BUS 22 .968 3.56 58.50 18.20 
BUS 23 .980 16.74 80.60 39.20 
BUS 28 .957 9.47 22.10 9.80 
BUS 29 .957 7.75 31.20 19.60 
BUS 30 .980 17.66 .00 .00 
BUS 33 .964 8.55 29.90 12.60 
BUS 35 .976 11.33 42.90 26.60 
BUS 37 .988 12.66 .00 .00 
BUS 38 .956 17.72 .00 .00 
BUS 39 .967 13.27 35.10 15.40 
BUS 41 .964 14.50 48.10 14.00 
BUS 43 .976 10.87 23.40 9.80 
BUS 44 .993 12.76 20.80 11.20 
BUS 45 1.000 15.90 107.90 63.00 
BUS 47 1.015 22.15 83.20 42.00 
BUS 48 1.034 21.79 26.00 15.40 
BUS 50 1.003 21.42 22.10 5.60 
BUS 51 .976 18.67 22.10 11.20 
BUS 52 .963 17.47 23.40 7.00 
BUS 53 .953 16.27 29.90 15.40 
BUS 57 .980 18.70 15.60 4.20 
BUS 58 .971 17.83 15.60 4.20 
BUS 60 .986 24.21 101.40 60.20 
BUS 63 .966 24.51 .00 .00 
BUS 64 .981 26.77 .00 .00 
BUS 67 1.012 23.94 36.40 9.80 
BUS 68 1.001 33.00 .00 .00 
BUS 71 .987 23.97 .00 .00 
BUS 75 .964 22.48 104.00 35.00 
BUS 78 1.000 31.02 92.30 36.40 
BUS 79 1.004 31.77 50.70 44.80 
BUS 81 .993 34.01 .00 .00 
BUS 82 .986 35.39 70.20 37.80 
BUS 83 .991 37.38 26.00 14.00 
BUS 84 .997 41.49 14.30 9.80 
BUS 86 1.011 42.11 27.30 14.00 
BUS 88 1.010 51.33 62.40 35.00 
BUS 93 .995 39.03 15.60 9.80 
BUS 94 .992 37.83 39.00 22.40 
BUS 95 .981 36.99 54.60 43.40 
BUS 96 .989 36.08 49.40 21.00 
BUS 97 1.006 36.82 19.50 12.60 
BUS 98 .973 34.22 83.20 67.20 
BUS 101 1.005 39.73 28.60 21.00 
BUS 102 1.022 41.86 32.50 4.20 
BUS 105 .956 31.86 40.30 47.60 
BUS 106 .943 31.24 89.70 50.40 
BUS 108 .946 30.89 2.60 1.40 
BUS 109 .942 30.54 62.40 14.00 
BUS 110 .962 32.39 50.70 35.14 
BUS 113 .992 9.97 7.80 -8.96 
BUS 114 .954 9.05 26.00 4.20 
BUS 115 .953 9.18 45.50 14.00 
BUS 117 .953 5.35 , 	26.00 11.20 
BUS 118 .958 21.64 42.90 21.00 
A 3 1.006 15.31 3.12 1.68 
A 4 .996 14.57 9.88 2.24 
A 6 .990 14.15 .00 .00 
A 7 .980 12.53 29.64 15.26 
A 9 1.019 11.79 .00 .00 
A 10 1.007 9.31 7.54 2.80 
A 12 1.028 9.94 14.56 10.50 
A 14 1.006 8.83 8.06 2.24 
A 15 1.001 8.72 10.66 3.50 
A 16 1.009 9.34 4.55 2.52 
A 17 1.001 9.09 11.70 8.12 
A 18 .986 7.97 4.16 1.26 
A 19 .982 7.78 12.35 4.76 
A 20 .987 8.09 2.86 .98 
A 21 .990 8.75 22.75 15.68 
A 22 .992 8.78 .00 .00 
A 23 .987 8.38 4.16 2.24 
A 24 .981 8.41 11.31 9.38 
A 25 .994 9.33 .00 .00 
A 26 .972 8.69 4.55 3.22 
A 27 1.014 10.23 .00 .00 
A 28 .983 15.11 .00 .00 
A 29 .997 9.43 3.12 1.26 
A 30 .989 9.07 9.62 3.78 
B 3 1.000 1.16 3.12 1.68 
B 4 .990 .79 9.88 2.24 
B 6 .986 .62 .00 .00 
B 7 .976 -1.81 29.64 15.26 
B 9 1.016 -1.78 .00 .00 
B 10 1.003 -4.30 7.54 2.80 
B 12 1.025 -3.77 14.56 10.50 
B 14 1.003 -4.88 8.06 2.24 
B 15 .998 -4.96 10.66 3.50 
B 16 1.006 -4.33 4.55 2.52 
B 17 .997 -4.54 11.70 8.12 
B 18 .983 -5.70 4.16 1.26 
B 19 .978 -5.87 12.35 4.76 
B 20 .983 -5.55 2.86 .98 
B 21 .987 -4.86 22.75 15.68 
B 22 .988 -4.82 .00 .00 
B 23 .984 -5.25 4.16 2.24 
B 24 .976 -5.15 11.31 9.38 
B 25 .988 -4.05 .00 .00 
B 26 .965 -4.69 4.55 3.22 
B 27 1.007 -3.02 .00 .00 
B 28 .974 2.03 .00 .00 
B 29 .989 -3.84 3.12 1.26 
B 30 .982 -4.21 9.62 3.78 
C 3 1.002 39.19 3.12 1.68 
C 4 .992 38.34 9.88 2.24 
C 6 .993 37.74 .00 .00 
C 7 .986 38.37 29.64 15.26 
C 9 1.020 35.27 .00 .00 
C 10 1.008 32.72 7.54 2.80 
C 12 1.028 33.49 14.56 10.50 
C 14 1.006 32.33 8.06 2.24 
C 15 1.001 32.19 10.66 3.50 
C 16 1.010 32.83 4.55 2.52 
C 17 1.002 32.52 11.70 8.12 
C 18 .987 31.41 4.16 1.26 
C 19 .982 31.22 12.35 4.76 
C 20 .988 31.52 2.86 .98 
C 21 .992 32.10 22.75 15.68 
C 22 .993 32.11 .00 .00 
C 23 .987 31.68 4.16 2.24 
C 24 .981 31.47 11.31 9.38 
C 25 .993 31.63 .00 .00 
C 26 .971 30.99 4.55 3.22 
C 27 1.013 32.08 .00 .00 
C 28 .986 36.27 .00 .00 
C 29 .996 31.27 3.12 1.26 
C 30 .988 30.91 9.62 3.78 
D 3 .996 19.42 3.12 1.68 
D 4 .991 19.37 9.88 2.24 
D 6 .995 19.92 .00 .00 
D 7 .989 20.80 29.64 15.26 
D 9 1.021 17.34 .00 .00 
D 10 1.010 14.74 7.54 2.80 
D 12 1.027 15.06 14.56 10.50 
D 14 1.006 13.97 8.06 2.24 
D 15 1.002 13.90 10.66 3.50 
D 16 1.010 14.59 4.55 2.52 
D 17 1.003 14.48 11.70 8.12 
D 18 .988 13.23 4.16 1.26 
D 19 .984 13.11 12.35 4.76 
D 20 .989 13.44 2.86 .98 
D 21 .994 14.14 22.75 15.68 
D 22 .995 14.16 .00 .00 
D 23 .989 13.58 4.16 2.24 
D 24 .983 13.64 11.31 9.38 
D 25 .998 14.31 .00 .00 
D 26 .975 13.68 4.55 3.22 
D 27 1.018 15.07 .00 .00 
D 28 .989 19.72 .00 .00 
D 29 1.001 14.28 3.12 1.26 
D 30 .994 13.92 9.62 3.78 
E 4 .955 37.10 62.14 28.00 
E 5 .968 40.88 9.88 2.24 
E 7 1.002 32.99 .00 .00 
E 9 .987 30.86 38.35 23.24 
E 10 .983 30.72 11.70 8.12 
E 11 .999 31.36 4.55 2.52 
E 12 1.004 31.09 7.93 2.24 
E 13 .995 30.97 17.55 8.12 
E 14 .965 29.45 19.37 7.00 
Power Generated: 7387.29 3718.16 
Power Demanded: 7109.44 3605.14 
System Losses: 277.85 113.02 
Appendix U 
250 Bus Network 
Contingency CIV 
U.I. 	Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	5.7E-05 8.9E-04 
.80 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 153.54 -36.13 
BUS 1 .960 .948- 4.90 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 12.29 50.00 38.74 -300.00 300.00 39.00 16.80 
BUS 6 .990 .982- 8.28 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 20.17 40.00 228.18 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 39.18 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .977- 7.29 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .969- 6.83 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 7.00 .00 41.65 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ 6.13 .00 -7.98 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 19.53 49.00 15.02 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.33 220.00 88.45 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.73 420.00 22.42-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 11.98 45.00 14.08 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 7.54 7.00 65.27 -300.00 300.00 55.90 37.80 
BUS 32 .963 .963 9.12 .00 31.51 -14.00 42.00 76.70 32.20 
BUS 34 .984 .983- 11.68 .00 24.00 -8.00 24.00 76.70 36.40 
BUS 36 .980 .977- 11.18 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 14.67 80.00 -28.59 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 17.26 90.00 9.09 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.067- 20.30 89.00 100.00 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 23.67 300.00 41.25 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 17.33 48.00 46.38 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 17.01 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 17.46 .00 -7.99 -8.00 15.00 109.20 53.20 
BUS 59 .985 .985 20.14 155.00 114.08 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 25.20 160.00 16.79 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 24.02 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.005 31.62 500.00 149.64 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 29.63 500.00 27.91 -67.00 200.00 50.70 25.20 
BUS 70 .984 .984 23.00 .00 20.94 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 24.43 43.00 -23.27 -100.00 100.00 .00 .00 
BUS 73 .991 .991 24.83 37.00 .94 -100.00 100.00 .00 .00 
BUS 74 .975 .964- 20.69 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .969- 21.63 ... 	.00 79.92 -8.00 80.00 88.40 51.80 
BUS 77 1.006 1.006- 30.75 .00 70.00 -20.00 70.00 79.30 28.00 
BUS 80 1.040 1.040 35.25 600.00 230.53 -165.00 280.00 169.00 78.40 
BUS 85 1.020 .971- 39.31 .00 23.00 -8.00 23.00 31.20 21.00 
BUS 87 1.015 1.015 37.44 4.00 -4.39 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 63.30 750.00 106.04 -210.00 300.00 .00 .00 
BUS 90 .985 .985 53.11 120.00 18.58 -300.00 300.00 101.40 72.80 
BUS 91 .985 .985 49.07 20.00 -15.36 -100.00 100.00 .00 .00 
BUS 92 1.030 1.007- 41.29 .00 20.00 -3.00 20.00 84.50 28.00 
BUS 99 1.015 1.015 39.08 35.00 -25.04 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 38.83 350.00 124.45 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 35.65 40.00 50.00 -15.00 50.00 29.90 22.40 
BUS 104 .971 .971 32.44 .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 31.32 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 33.62 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 32.86 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 33.34 210.00 83.48-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 19.05 100.00 33.82 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 16.62 80.00 80.00 -20.00 80.00 28.21 17.78 
A 5 1.010 .994- 11.81 50.00 62.45 -15.00 62.45 122.46 54.60 
A 8 1.000 .989- 14.05 20.00 85.00 -15.00 85.00 39.00 42.00 
A.11 1.050 1.050 13.93 20.00 16.27 -10.00 45.83 .00 .00 
A 13 1.050 1.050 11.33 20.00 16.66 -15.00 56.57 .00 .00 
B 1 1.050 1.046- 3.26 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.035- 1.94 80.00 60.00 -20.00 60.00 28.21 17.78 
B 5 1.010 .991- -3.90 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .986- 1.15 20.00 75.00 -15.00 75.00 39.00 42.00 
B 11 1.050 1.050 .35 20.00 17.73 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -2.39 20.00 18.79 -15.00 56.57 .00 .00 
C 1 1.050 1.046- 43.45 100.00 100.00 -100.00 100.00 .00 .00 
C 2 1.045 1.026- 44.51 80.00 60.00 -20.00 60.00 28.21 17.78 
C 5 1.010 .975- 38.07 50.00 62.45 -15.00 62.45 122.46 54.60 
C 8 1.010 .982- 35.40 20.00 75.00 -15.00 75.00 39.00 42.00 
C 11 1.050 1.050 36.17 20.00 19.59 -10.00 45.83 .00 .00 
C 13 1.050 1.050 33.80 20.00 20.88 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 19.99 100.00 99.99 -100.00 100.00 .00 .00 
D 2 1.020 1.020 21.23 80.00 29.50 -20.00 60.00 28.21 17.78 
D 5 1.010 1.010 24.21 50.00 36.11 -15.00 62.45 122.46 54.60 
D 8 1.010 1.006- 20.68 20.00 75.00 -15.00 75.00 39.00 42.00 
D 11 1.050 1.050 19.46 20.00 14.89 -10.00 45.83 .00 .00 
D 13 1.050 1.050 16.45 20.00 17.28 -15.00 56.57 .00 .00 
E 1 1.060 1.039- 44.51 300.00 90.00 -40.00 90.00 26.00 16.80 
E 2 1.045 1.003- 40.08 40.00 50.00 -40.00 50.00 28.21 17.78 
E 3 .970 .949- 31.78 .00 70.00 .00 70.00 122.46 54.60 
E 6 1.040 1.022- 33.80 .00 34.00 -6.00 34.00 14.56 10.50 
E 8 1.050 1.050 34.32 .00 30.39 -6.00 34.00 .00 .00 
Bus Voltage Load 
BUS 2 .958 5.86 26.00 12.60 
BUS 3 .953 6.27 65.00 28.00 
BUS 5 .999 12.72 52.00 25.20 
BUS 7 .975 7.43 66.30 19.60 
BUS 9 1.028 29.56 .00 .00 
BUS 11 .973 8.32 91.00 32.20 
BUS 13 .953 6.64 44.20 22.40 
BUS 14 .970 6.63 18.20 7.00 
BUS 16 .971 7.19 32.50 14.00 
BUS 17 .994 10.17 14.30 4.20 
BUS 20 1.007 3.08 23.40 9.80 
BUS 21 .981 1.44 57.20 21.00 
BUS 22 .968 3.45 58.50 18.20 
BUS 23 .980 16.63 80.60 39.20 
BUS 28 .957 9.37 22.10 9.80 
BUS 29 .957 7.64 31.20 19.60 
BUS 30 .980 17.55 .00 .00 
BUS 33 .964 8.44 29.90 12.60 
BUS 35 .976 11.23 42.90 26.60 
BUS 37 .988 12.55 .00 .00 
BUS 38 .956 17.61 .00 .00 
BUS 39 .967 13.17 35.10 15.40 
BUS 41 .964 14.40 48.10 14.00 
BUS 43 .976 10.77 23.40 9.80 
BUS 44 .993 12.67 20.80 11.20 
BUS 45 1.000 15.8 1 107.90 63.00 
BUS 47 1.015 22.07 83.20 42.00 
BUS 48 1.034 21.69 26.00 15.40 
BUS 50 1.003 21.33 22.10 5.60 
BUS 51 .976 18.57 22.10 11.20 
BUS 52 .963 17.38 23.40 7.00 
BUS 53 .953 16.18 29.90 15.40 
BUS 57 .980 18.60 15.60 4.20 
BUS 58 .971 17.73 15.60 4.20 
BUS 60 .986 24.11 101.40 60.20 
BUS 63 .966 24.41 .00 .00 
BUS 64 .981 26.66 .00 .00 
BUS 67 1.012 23.83 36.40 9.80 
BUS 68 1.001 32.87 .00 .00 
BUS 71 .987 23.86 .00 .00 
BUS 75 .964 22.30 104.00 35.00 
BUS 78 1.000 30.57 92.30 36.40 
BUS 79 1.003 31.34 50.70 44.80 
BUS 81 .993 33.80 .00 .00 
BUS 82 .976 34.03 70.20 37.80 
BUS 83 .974 35.23 26.00 14.00 
BUS 84 .965 37.68 14.30 - 9.80 
BUS 86 .985 37.20 27.30 14.00 
BUS 88 .918 35.65 62.40 35.00 
BUS 93 .991 38.96 15.60 9.80 
BUS 94 .987 37.49 39.00 22.40 
BUS 95 .974 36.38 54.60 43.40 
BUS 96 .983 35.41 49.40 21.00 
BUS 97 1.001 36.73 19.50 12.60 
BUS 98 .973 33.91 83.20 67.20 
BUS 101 1.003 39:83 28.60 21.00 
BUS 102 1.018 42.26 32.50 4.20 
BUS 105 .956 31.63 40.30 47.60 
BUS 106 .943 31.01 89.70 50.40 
BUS 108 .946 30.66 2.60 1.40 
BUS 109 .942 30.30 62.40 14.00 
BUS 110 .962 32.15 50.70 35.14 
BUS 113 .992 9.87 7.80 -8.96 
BUS 114 .954 8.94 26.00 4.20 
BUS 115 .953 9.08 45.50 14.00 
BUS 117 .953 5.24 26.00 11.20 
BUS 118 .957 21.40 42.90 21.00 
A 3 1.006 15.21 3.12 1.68 
A 4 .996 14.48 9.88 2.24 
A 6 .990 14.06 .00 .00 
A 7 .980 12.44 29.64 15.26 
A 9 1.019 11.70 .00 .00 
A 10 1.007 9.21 7.54 2.80 
A 12 1.028 9.85 14.56 10.50 
A 14 1.006 8.73 8.06 2.24 
A 15 1.001 8.63 10.66 3.50 
A 16 1.009 9.25 4.55 2.52 
A 17 1.001 8.99 11.70 8.12 
A 18 .986 7.87 4.16 1.26 
A 19 .982 7.69 12.35 4.76 
A 20 .987 7.99 2.86 .98 
A 21 .990 8.65 22.75 15.68 
A 22 .992 8.68 .00 .00 
A 23 .987 8.29 4.16 2.24 
A 24 .981 8.31 11.31 9.38 
A 25 .994 9.23 .00 .00 
A 26 .972 8.60 4.55 3.22 
A 27 1.014 10.14 .00 .00 
A 28 .983 15.01 .00 .00 
A 29 .997 9.34 3.12 1.26 
A 30 .989 8.97 9.62 3.78 
B 3 1.000 1.05 3.12 1.68 
B 4 .990 .69 9.88 2.24 
B 6 .986 .51 .00 .00 
B 7 .976 -1.92 29.64 15.26 
B 9 1.016 -1.89 .00 .00 
B 10 1.003 -4.40 7.54 2.80 
B 12 1.025 -3.88 14.56 10.50 
B 14 1.003 -4.98 8.06 2.24 
B 15 .998 -5.07 10.66 3.50 
B 16 1.006 -4.44 4.55 2.52 
B 17 .997 -4.64 11.70 8.12 
B 18 .983 -5.80 4.16 1.26 
B 19 .978 -5.97 12.35 4.76 
B 20 .983 -5.66 2.86 .98 
B 21 .987 -4.96 22.75 15.68 
B 22 .988 -4.93 .00 -- 	.00 
B 23 .984 -5.35 4.16 2.24 
B 24 .976 -5.26 11.31 9.38 
B 25 .988 -4.15 .00 .00 
B 26 .965 -4.80 4.55 3.22 
B 27 1.007 -3.13 .00 .00 
B 28 .974 1.92 .00 .00 
B 29 .989 -3.94 3.12 1.26 
B 30 .982 -4.31 9.62 3.78 
C 3 .993 38.44 3.12 1.68 
C 4 .981 37.45 9.88 2.24 
C 6 .979 36.38 .00 .00 
C 7 .966 36.20 29.64 15.26 
C 9 1.012 33.93 .00 .00 
C 10 .999 31.39 7.54 2.80 
C 12 1.023 32.30 14.56 10.50 
C 14 1.000 31.11 8.06 2.24 
C 15 .995 30.95 10.66 3.50 
C 16 1.003 31.58 4.55 2.52 
C 17 .994 31.20 11.70 8.12 
C 18 .979 30.13 4.16 1.26 
C 19 .974 29.91 12.35 4.76 
C 20 .980 30.20 2.86 .98 
C 21 .983 30.75 22.75 15.68 
C 22 .984 30.76 .00 .00 
C 23 .980 30.39 4.16 2.24 
C 24 .972 30.13 11.31 9.38 
C 25 .982 30.24 .00 .00 
C 26 .960 29.59 4.55 3.22 
C 27 1.001 30.67 .00 .00 
C 28 .974 34.87 .00 .00 
C 29 .983 29.84 3.12 1.26 
C 30 .976 29.47 9.62 3.78 
D 3 .996 19.32 3.12 1.68 
D 4 .991 19.27 9.88 2.24 
D 6 .995 19.82 .00 .00 
D 7 .989 20.70 29.64 15.26 
D 9 1.021 17.24 .00 .00 
D 10 1.010 14.64 7.54 2.80 
D 12 1.027 14.96 14.56 10.50 
D 14 1.006 13.87 8.06 2.24 
D 15 1.002 13.79 10.66 3.50 
D 16 1.010 14.49 4.55 2.52 
D 17 1.003 14.37 11.70 8.12 
D 18 .988 13.13 4.16 1.26 
D 19 .984 13.00 12.35 4.76 
D 20 .989 13.34 2.86 .98 
D 21 .994 14.04 22.75 15.68 
D 22 .995 14.06 .00 .00 
D 23 .989 13.48 4.16 2.24 
D 24 .983 13.54 11.31 9.38 
D 25 .998 14.21 .00 .00 
D 26 .975 13.58 4.55 3.22 
D 27 1.018 14.97 .00 .00 
D 28 .989 19.62 .00 .00 
D 29 1.001 14.18 3.12 1.26 
D 30 .994 13.81 9.62 3.78 
E 4 .951 38.42 62.14 28.00 
E 5 .963 42.48 9.88 2.24 
E 7 .999 34.32 .00 .00 
E 9 .983 32.19 38.35 _23.24 
E 10 .979 32.07 11.70 8.12 
E 11 .995 32.77 4.55 2.52 
E 12 .999 32.53 7.93 2.24 
E 13 .991 32.40 17.55 8.12 
E 14 .960 30.81 19.37 7.00 
Power Generated: 7406.34 .3820.22 
Power Demanded: 7109.44 3605.14 
Systole Losses: 297.10 215.08 
Appendix V 
250 Bus Network 
Base Case C 
EPSP = EPSQ = 10-2 
V.1. Bus Oriented Results 
Time for input: 
Time for compact: 
No. of iterations: 
Maximum mismatch 
Time for solution: 
Execution time: 
S base : 100. 
Bus 








pu): 	6.9E-04 7.8E-03 
.57 
Voltage 	 Generation QGmin QGmax Load 
BUS 69 1.035 30.00 115.09 -29.93 
BUS 1 .960 .948- 5.15 .00 35.00 -5.00 35.00 66.30 37.80 
BUS 4 .998 .998 12.55 50.00 38.00 -300.00 300.00 39.00 16.80 
BUS 6 .990 .982- 8.53 .00 50.00 -13.00 50.00 67.60 30.80 
BUS 8 1.015 1.015 20.42 40.00 227.99 -300.00 300.00 .00 14.00 
BUS 10 1.055 1.055 39.43 570.00 60.69 -147.00 200.00 .00 .00 
BUS 12 .990 .977- 7.54 85.00 120.00 -35.00 120.00 61.10 28.00 
BUS 15 .970 .969- 7.08 .00 50.00 -10.00 50.00 117.00 56.00 
BUS 18 .973 .973 7.25 .00 41.39 -16.00 50.00 78.00 47.60 
BUS 19 .960 .966+ 6.38 .00 -7.89 -8.00 24.00 58.50 35.00 
BUS 24 .992 .992 19.76 49.00 14.96 -300.00 300.00 .00 .00 
BUS 25 1.050 1.050 26.58 220.00 88.42 -47.00 140.00 .00 .00 
BUS 26 1.015 1.015 29.97 420.00 22.39-1000.00 1000.00 .00 .00 
BUS 27 .968 .968 12.23 45.00 14.08 -300.00 300.00 26.00 18.20 
BUS 31 .967 .967 7.79 7.00 65.23 -300.00 300.00 55.90 37.80 
BUS 32 .963 .963 9.37 .00 31.40 -14.00 42.00 76.70 32.20 
BUS 34 .984 .983- 11.93 • 	.00 24.00 -8.00 24.00 76.70 36.40 
BUS 36 .980 .977- 11.43 .00 24.00 -8.00 24.00 40.30 23.80 
BUS 40 .970 .970 14.91 80.00 -28.68 -300.00 300.00 26.00 32.20 
BUS 42 .985 .985 17.50 90.00 9.08 -300.00 300.00 48.10 32.20 
BUS 46 1.080 1.067- 20.52 89.00 100.00 -100.00 100.00 36.40 14.00 
BUS 49 1.025 1.025 23.90 300.00 40.90 -85.00 210.00 113.10 42.00 
BUS 54 .970 .970 17.58 48.00 46.35 -300.00 300.00 146.90 72.80 
BUS 55 .970 .969- 17.26 .00 23.00 -8.00 23.00 81.90 30.80 
BUS 56 .970 .972+ 17.71 .00 -8.00 -8.00 15.00 109.20 53.20 
BUS 59 .985 .985 20.41 155.00 114.10 -60.00 180.00 360.10 158.20 
BUS 61 .995 .995 25.47 160.00 16.81 -100.00 300.00 .00 .00 
BUS 62 .998 .995- 24.29 .00 30.00 -20.00 30.00 100.10 33.60 
BUS 65 1.005 1.005 31.90 500.00 150.47 -67.00 200.00 .00 .00 
BUS 66 1.050 1.050 29.89 500.00 27.83 -67.00 200.00 50.70 25.20 
BUS 70 .984 .984 23.20 .00 20.53 -10.00 32.00 85.80 28.00 
BUS 72 .980 .980 24.64 43.00 -23.28 -100.00 100.00 .00 .00 
BUS 73 .991 .991 25.04 37.00 .95 -100.00 100.00 .00 .00 
BUS 74 .975 .964- 20.99 .00 39.00 -6.00 39.00 88.40 37.80 
BUS 76 .970 .969- 22.14 _ 	.00 80.00 -8.00 80.00 88.40 51.80 
BUS 77 1.006 1.006 31.53  .00 59.22 -20.00 70.00 79.30 28.00 
BUS 80 1.040 1.040 36.13 600.00 220.39 -165.00 280.00 169.00 78.40 
BUS 85 1.020 1.017- 40.40 .00 23.00 -8.00 23.00 31.20 21.00 
BUS 87 1.015 1.015 39.17 4.00 -18.86 -100.00 1000.00 .00 .00 
BUS 89 1.055 1.055 51.05 750.00 129.03 -210.00 300.00 .00 .00 
BUS 90 .985 .985 47.19 120.00 -23.57 -300.00 300.00 101.40 72.80 
BUS 91 .985 .985 47.50 20.00 -42.44 -100.00 100.00 .00 .00 
BUS 92 1.030 1.029- 45.64 .00 20.00 -3.00 20.00 84.50 28.00 
BUS 99 1.015 1.015 41.08 35.00 -24.27 -100.00 100.00 .00 .00 
BUS 100 1.017 1.017 41.29 350.00 95.49 -50.00 155.00 48.10 25.20 
BUS 103 1.000 .999- 38.10 40.00 50.00 -15.00 50.00 29.90 22.40 
BUS 104 .971 .971 34.90 .00 44.38 -8.00 53.00 49.40 35.00 
BUS 107 .980 .980 33.77 45.00 36.39 -200.00 200.00 36.40 16.80 
BUS 111 .980 .980 36.08 36.00 12.44 -100.00 1000.00 .00 .00 
BUS 112 .975 .975 35.32 55.00 28.46 -100.00 1000.00 32.50 18.20 
BUS 116 1.005 1.005 33.65 210.00 84.99-1000.00 1000.00 .00 .00 
A 1 1.050 1.050 19.28 100.00 33.77 -100.00 100.00 .00 .00 
A 2 1.045 1.033- 16.85 80.00 80.00 -20.00 80.00 28.21 17.78 
A 5 1.010 .994- 12.04 50.00 62.45 -15.00 62.45 122.46 54.60 
A 8 1.000 .989- 14.28 20.00 85.00 -15.00 85.00 39.00 42.00 
A 11 1.050 1.050 14.16 20.00 16.27 -10.00 45.83 .00 .00 
A 13 1.050 1.050 11.57 20.00 16.65 -15.00 56.57 .00 .30 
B 1 1.050 1.046- 3.51 100.00 100.00 -100.00 100.00 .00 .00 
B 2 1.045 1.035- 2.18 80.00 60.00 -20.00 60.00 28.21 17.78 
B 5 1.010 .991- -3.65 50.00 62.45 -15.00 62.45 122.46 54.60 
B 8 1.010 .986- 1.39 20.00 75.00 -15.00 75.00 39.00 42.00 
B 11 1.050 1.050 .59 20.00 17.68 -10.00 45.83 .00 .00 
B 13 1.050 1.050 -2.15 20.00 18.74 -15.00 56.57 .00 .00 
C 1 1.050 1.050 45.17 100.00 39.25 -100.00 100.00 .00 .00 
C 2 1.045 1.044- 43.77 80.00 60.00 -20.00 60.00 28.21 17.78 
C 5 1.010 1.010 38.99 50.00 56.21 -15.00 62.45 122.46 54.60 
C 8 1.010 1.002- 36.49 20.00 75.00 -15.00 75.00 39.00 42.00 
C 11 1.050 1.050 37.23 20.00 14.61 -10.00 45.83 .00 .00 
C 13 1.050 1.050 35.03 20.00 15.51 -15.00 56.57 .00 .00 
D 1 1.025 1.019- 20.24 100.00 100.00 -100.00 100.00 .00 .00 
D 2 1.020 1.020 21.48 80.00 29.50 -20.00 60.00 28.21 17.78 
D 5 1.010 1.010 24.47 50.00 36.12 -15.00 62.45 122.46 54.60 
D 8 1.010 1.006- 20.94 20.00 75.00 -15.00 75.00 39.00 42.00 
D 11 1.050 1.050 19.72 20.00 14.89 -10.00 45.83 .00 .00 
D 13 1.050 1.050 16.70 20.00 17.28 -15.00 56.57 .00 .00 
E 1 1.060 1.052- 45.60 300.00 90.00 -40.00 90.00 26.00 16.80 
E 2 1.045 1.013- 40.20 40.00 50.00 -40.00 50.00 28.21 17.78 
E 3 .970 .961- 31.18 .00 70.00 .00 70.00 122.46 54.60 
E 6 1.040 1.032- 31.85 .00 34.00 -6.00 34.00 14.56 10.50 
E 8 1.050 1.050 32.70 .00 26.36 -6.00 34.00 .00 .00 
' 
Bus Voltage Load 
BUS 2 .958 6.11 26.00 12.60 
BUS 3 .953 6.52 65.00 28.00 
BUS 5 .999 12.97 52.00 25.20 
BUS 7 .976 7.67 66.30 19.60 
BUS 9 1.028 29.81 .00 .00 
BUS 11 .973 8.57 91.00 32.20 
BUS 13 .953 6.89 44.20 22.40 
BUS 14 .970 6.88 18.20 7.00 
BUS 16 .971 7.44 32.50 14.00 
BUS 17 .994 10.42 14.30 4.20 
BUS 20 1.007 3.33 23.40 9.80 
BUS 21 .981 1.69 57.20 21.00 
BUS 22 .968 3.69 58.50 18.20 
BUS 23 .980 16.87 80.60 39.20 
BUS 28 .957 9.61 22.10 9.80 
BUS 29 .957 7.88 31.20 19.60 
BUS 30 .980 17.80 .00 .00 
BUS 33 .964 8.69 29.90 12.60 
BUS 35 .976 11.48 42.90 26.60 
BUS 37 .988 12.80 .00 .00 
BUS 38 .956 17.86 .00 .00 
BUS 39 .967 13.41 35.10 15.40 
BUS 41 .964 14.64 48.10 14.00 
BUS 43 .976 11.01 23.40 9.80 
BUS 44 .993 12.90 20.80 11.20 
BUS 45 1.000 16.03 107.90 63.00 
BUS 47 1.015 22.26 83.20 42.00 
BUS 48 1.034 21.92 26.00 15.40 
BUS 50 1.003 21.56 22.10 5.60 
BUS 51 .976 18.81 22.10 11.20 
BUS 52 .963 17.62 23.40 7.00 
BUS 53 .953 16.42 29.90 15.40 
BUS 57 .980 18.85 15.60 4.20 
BUS 58 .971 17.97 15.60 4.20 
BUS 60 .986 24.38 101.40 60.20 
BUS 63 .966 24.68 .00 .00 
BUS 64 .981 26.93 .00 .00 
BUS 67 1.012 24.10 36.40 9.80 
BUS 68 1.001 33.18 .00 .00 
BUS 71 .987 24.06 .00 .00 
BUS 75 .964 22.61 104.00 35.00 
BUS 78 1.000 31.36 92.30 36.40 
BUS 79 1.004 32.16 50.70 44.80 
BUS 81 .993 34.33 .00 .00 
BUS 82 .990 35.22 70.20 37.80 
BUS 83 .997 36.41 26.00 14.00 
BUS 84 1.004 38.84 14.30 9.80 
BUS 86 1.015 38.71 27.30 14.00 
BUS 88 1.016 45.49 62.40 35.00 
BUS 93 1.005 42.33 15.60 9.80 
BUS 94 .996 39.93 39.00 22.40 
BUS 95 .984 38.16 54.60 43.40 
BUS 96 .992 36.90 49.40 21.00 
BUS 97 1.009 37.55 19.50 12.60 
BUS 98 .972 35.38 83.20 67.20 
BUS 101 1.012 42.2 28.60 21.00 
BUS 102 1.034 44.74 32.50 4.20 
BUS 105 .956 34.08 40.30 47.60 
BUS 106 .943 33.46 89.70 50.40 
BUS 108 .946 33.11 2.60 1.40 
BUS 109 .942 32.76 62.40 14.00 
BUS 110 .962 34.61 50.70 35.14 
BUS 113 .992 10.11 7.80 -8.96 
BUS 114 .954 9.18 26.00 4.20 
BUS 115 .953 9.32 45.50 14.00 
BUS 117 .954 5.49 26.00 11.20 
BUS 118 .957 21.81 42.90 21.00 
A 3 1.006 15.44 3.12 1.68 
A 4 .996 14.71 9.88 2.24 
A 6 .990 14.29 .00 .00 
A 7 .980 12.67 29.64 15.26 
A 9 1.019 11.93 .00 .00 
A 10 1.007 9.45 7.54 2.80 
A 12 1.028 10.08 14.56 10.50 
A 14 1.006 8.96 8.06 2.24 
A 15 1.001 8.86 10.66 3.50 
A 16 1.009 9.48 4.55 2.52 
A 17 1.001 9.23 11.70 8.12 
A 18 .986 8.11 4.16 1.26 
A 19 .982 7.92 12.35 4.76 
A 20 .987 8.23 2.86 .98 
A 21 .990 8.88 22.75 15.68 
A 22 .992 8.91 .00 .00 
A 23 .987 8.52 4.16 2.24. 
A 24 .981 8.54 11.31 9.38 
A 25 .994 9.46 .00 .00 
A 26 .972 8.83 4.55 3.22 
A 27 1.014 10.37 .00 .00 
A 28 .983 15.25 .00 .00 
A 29 .997 9.57 3.12 1.26 
A 30 .989 9.21 9.62 3.78 
B 3 1.000 1.30 3.12 1.68 
B 4 .990 .93 9.88 2.24 
B 6 .986 .76 .00 .00 
B 7 .976 -1.68 29.64 15.26 
B 9 1.016 -1.65 .00 .00 
B 10 1.003 -4.16 7.54 2.80 
B 12 1.025 -3.64 14.56 10.50 
B 14 1.003 -4.74 8.06 2.24 
B 15 .998 -4.82 10.66 3.50 
B 16 1.006 -4.19 4.55 2.52 
5 17 .997 -4.40 11.70 8.12 
B 18 .983 -5.56 4.16 1.26 
B 19 .978 -5.73 12.35 4.76 
B 20 .983 -5.41 2.86 .98 
B 21 .987 -4.72 22.75 15.68 
B 22 .988 -4.68 .00 - 	.00 
B 23 .984 -5.11 4.16 2.24 
B 24 .976 -5.01 11.31 9.38 
B 25 .988 -3.91 .00 .00 
B 26 .965 -4.55 4.55 3.22 
B 27 1.007 -2.89 .00 .00 
B 28 .974 2.16 .00 .00 
B 29 .990 -3.70 3.12 1.26 
5 30 .982 -4.07 9.62 3.78 
C 3 1.005 39.68 3.12 1.68 
C 4 .995 38.58 9.88 2.24 
C 6 .997 37.36 .00 .00 
C 7 .990 37.21 29.64 15.26 
C 9 1.022 35.01 .00 .00 
C 10 1.010 32.53 7.54 2.80 
C 12 1.030 33.54 14.56 10.50 
C 14 1.008 32.35 8.06' 2.24 
C 15 1.003 32.18 10.66 3.50 
C 16 1.012 32.78 4.55 2.52 
C 17 1.004 32.37 11.70 8.12 
C 18 .989 31.35 4.16 1.26 
C 19 .984 31.12 12.35 4.76 
C 20 .990 31.39 2.86 .98 
C 21 .994 31.92 22.75 15.68 
C 22 .995 31.93 .00 .00 
C 23 .990 31.61 4.16 2.24 
C 24 .984 31.32 	. 11.31 9.38 
C 25 .996 31.42 .00 .00 
C 26 .974 30.79 4.55 3.22 
C 27 1.016 31.84 .00 .00 
C 28 .990 35.97 .00 .00 
C 29 .999 31.04 3.12 1.26 
C 30 .992 30.68 9.62 3.78 
D 3 .996 19.57 3.12 1.68 
D 4 .991 19.52 9.88 2.24 
D 6 .995 20.07 .00 .00 
D 7 .989 20.96 29.64 15.26 
D 9 1.021 17.49 .00 .00 
D 10 1.010 14.89 7.54 2.80 
D 12 1.027 15.22 14.56 10.50 
D 14 1.006 14.13 8.06 2.24 
D 15 1.002 14.05 10.66 3.50 
D 16 1.010 14.75 4.55 2.52 
D 17 1.003 14.63 11.70 8.12 
D 18 .988 13.39 4.16 1.26 
D 19 .984 13.26 12.35 4.76 
D 20 .989 13.59 2.86 .98 
D 21 .994 14.30 22.75 15.68 
D 22 .995 14.32 .00 .00 
D 23 .989 13.74 4.16 2.24 
D 24 .983 13.79 11.31 9.38 
D 25 .998 14.47 .00 .00 
D 26 .975 13.84 4.55 3.22 
D 27 1.018 15.23 .00 .00 
D 28 .989 19.88 .00 .00 
D 29 1.001 14.43 3.12 1.26 
D 30 .994 14.07 9.62 3.78 
E 4 .961 36.82 62.14 28.00 
E 5 .974 40.17 9.88 2.24 
E 7 1.006 32.70 .00 .00 
E 9 .992 30.55 38.35 - 23.24 
E 10 .988 30.39 11.70 8.12 
E 11 1.005 30.95 4.55 2.52 
E 12 1.010 30.62 7.93 2.24 
E 13 1.001 30.51 17.55 8.12 
E 14 .970 29.09 19.37 7.00 
Power Generated: 7368.09 3635.16 
Power Demanded: 	7109.44 3605.14 
System Losses: 258.65 	30.02 
Printout time: 1.32 
Appendix W 
Benchmark Program 
W.1. Program Bench 1 
W.1. Program Bench 2 
PROGRAM BENCH1 (INPUT, OUTPUT) 
DOUBLE PRECISION SOS, SON 
INTEGER I, START, END 
DATA START/1/, END/10000/ 
PRINT *, ' START IS ',START, ' END IS ',END 
TIMED = SECOND() 
DO 10 K = 1,20 
SOS = 0.0 
SON = 0.0 
DO 100 I - START,END 
SON = SOr+I 
100 SOS = SOS+I**2 
10 CONTINUE 
TIME = SECOND() 
PRINT *, ' Time out:', TIME-TIMEO 
PRINT *, ' SUM OF NUMBER IS ', SON 
PRINT *, ' SUM OF SQUARES IS ', SOS 
TIME = SECOND() 
PRINT *, ' Time final:', TIME-TIMED 
STOP 
END 
START IS 1 END IS 10000 
Time out:.9690000000001 
SUM OF NUMBER IS 50005000. 
SUM OF SQUARES IS 3.33383335E+11 
Time final:.971 




100 FORMAT (' 10 ITERATIONS') 
TIMEO = SECOND() 
DO 92 ITER = 1,1 
COUNT = 0 
I = 0 
DO 10 I - 1,100 
10 	FLAGS(I) - .TRUE. 
DO 91 I ... 1,100 
IF (.NOT. FLAGS(I)) GO TO 91 
PRIME = I+I+1 
PRINT*,' I, PRIME: ',I,PRIME 
COUNT = COUNT+1 
K = I+PRIME 
IF (K .GT. 8191) GO TO 91 
DO 60 J = K,8191,PRIME 
60 	FLAGS(J) = .FALSE. 
91 CONTINUE 
92 CONTINUE 
TIME - SECOND() 
PRINT *, ' Time out:', TIME-TIMEO 
WRITE (*,300) COUNT 
TIME = SECOND() 
PRINT *, ' Time final:', TIME-TIMED 
300 FORMAT ( 1X,I6, 1 PRIMES') 
END 
10 ITERATIONS 
I, PRIME: 1 3 
I, PRIME: 2 5 
I, PRIME: 3 7 
I, PRIME: 5 11 
I, PRIME: 6 13 
I, PRIME: 8 17 
I, PRIME: 9 19 
I, PRIME: 11 23 
I, PRIME: 14 29 
I, PRIME: 15 31 
I, PRIME: 18 37 
I, PRIME: 20 41 
I, PRIME: 21 43 
I, PRIME: 23 47 
I, PRIME: 26 53 
I, PRIME: 29 59 
I, PRIME: 30 61 
I, PRIME: 33 67 
I, PRIME: 35 71 
I, PRIME: 36 73 
I, PRIME: 39 79 
I, PRIME: 41 83 
I, PRIME: 44 89 
I, PRIME: 48 97 
I, PRIME: 50 101 
I, PRIME: 51 103 
I, PRIME: 53 107 
I, PRIME: 54 109 
I, PRIME: 56 113 
I, PRIME: 63 127 
I, PRIME: 65 131 
I, PRIME: 68 137 
I, PRIME: 69 139 
I, PRIME: 74 149 
I, PRIME: 75 151 
I, PRIME: 78 157 
I, PRIME: 81 163 
I, PRIME: 83 167 
I, PRIME: 86 173 
I, PRIME: 89 179 
I, PRIME: 90 181 
I, PRIME: 95 191 
I, PRIME: 96 193 
I, PRIME: 98 197 








100 FORMAT (' 10 ITERATIONS') 
TIMED ■ SECOND() 
DO 92 ITER ■ 1,10 
COUNT ■ 0 
I ■ 0 
DO 10 I ■ 1,8191 
10 	FLAGS(I) 	.TRUE. 
DO 91 I 1,8191 
IF (.NOT. FLAGS(I)) GO TO 91 
PRIME ■ I+I+1 
COUNT ■ COUNT+1 
K ■ I+PRIME 
IF 	.GT. 8191) GO TO 91 
DO 60 J K,8191,PRIME 
60 	FLAGS(J) ■ .FALSE. 
91 CONTINUE 
92 CONTINUE 
TIME ■ SECOND() 
PRINT *, ' Time out:', TIME-TIMED 
WRITE (*,300) COUNT 
TIME ■ SECOND() 
PRINT *, ' Time final:', TIME-TIMEO 
300 FORMAT ( 	PRIMES') 
END 
10 ITERATIONS 
Time out:.339 
1899 PRIMES 
Time fina1:.339 
